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PREFACE. 

As in the case of Vegetable Fats and Oils, consider- 
able improvements have been introduced into the 
preparation of the animal products belonging to 
the same category; and, whilst for the most part 
relating to mechanical methods, have given this 
industry a marked impetus. 

Now-a-days the preparation of tallow and hog 
fat is conducted in a rational manner, and the manu- 
facture of that valuable food-stuflf — butter — is carried 
on according to methods calculated to thoroughly 
utilise the raw material — milk — and to yield a pro- 
duct endowed with a better flavour than under the 
primitive conditions formerly prevailing. Improve- 
ments have also been made in the preparation of 
bone fat, waste fat, fish oils, etc., all of which I 
have thought it advisable to include in the present 
work in order to render it more acceptable to those 
interested in the fat industry. 

LOUIS EDGAR ANDES. 
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^ ANIMAL FATS AND OILS. 

INTRODUCTION. 

The products known under the name of " animal fats " 
are closely related, in respect of both chemical and physical 
properties, to the vegetable fats. Like these latter, they are, 
almost exclusively, compounds of one, or frequently several, 
fatty acids with glycerine ethers ; are, at ordinary tempera- 
tures, either solid, semi-fluid or perfectly liquid ; leave be- 
hind permanent fatty marks on paper ; dissolve in boiling 
alcohol and other liquids ; can be mixed together when in a 
melted condition, i.e., in the warm, and are all lighter than 
water, so that they float in that liquid. When rubbed in 
thin layers on other substances, such, for example, as the 
skin, wood, etc., they repel watery liquids, and thereby aftbrd 
a certain amount of protection against the penetration of 
same. Finally, they exhibit what is generally denoted a 
** greasy feel *' when handled. 

The fats are encountered throughout the animal kingdom, 
. in all its classes and subdivisions. They^ are met with 
both in mammals, birds, amphibia, fishe^, and even in in- 
sects, and occur particularly in separate layers under the 
skin, interspersed in the flesh, between the intestines, or 
stored in the brain ; and a great part of the nutriment ab- 
sorbed into the animal economy is converted into fat. 
Under certain circumstances the fat accumulated in the 

animal body will serve to support the individual, for a short 

1 
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'I ANIMAL FATS AND OILS. 

time, as a means for the continuance of life during periods 
when the supply of nutriment is either reduced or entirely 
suspended. This is observed in the case of animals {e.g.^ 
bats, bears, hedgehogs, etc.) that lie dormant through the 
winter (hibernate) and awake in spring (or in a favourable 
season) reduced in flesh. 

The amount of fat stored up in the animal body is a 
particularly variable quantity and depends on the supply of 
food, mode of life arid other circumstances. As a rule, the 
accumulation of fat is favoured by a secure and undisturbed 
existence, but may also be considerably increased by arti- 
ficial means, as we shall see later on. The different ani- 
mals turned to account for their fat are comparatively few 
in number, and comprise in fact only those that are bred on 
a large scale to be utilised partly for food and partly for 
technical purposes. Moreover, the fat of many animals is 
uneatable, being of unpleasant odour and flavour ; and in the 
case of many others it is not present in sufficient quantity to 
serve our purpose. 

There can be no doubt that the fat of animals, equally 
with their flesh, was employed by man, even in the earliest 
times, for manifold purposes, originally, however, for food 
alone. The use of fat for curative purposes — value in which 
respect is still attributed to bear's grease, badger fat and 
dog's fat by country folk — came later. Burning fats for the 
purpose of illumination, their use for application to the body 
to enable it to better withstand inclement weather, as also for 
impregnating clothing and other articles in order to make them 
soft, supple and waterproof probably formed the next stage 
of extension ; and, finally, in recent times only, their techni- 
cal utilisation was developed. 

As regards curative powers, the only fat at present play- 
ing an important part in this respect is cod-liver oil — scarcely 
any one now-a-days believes that bear's grease and other fats 
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INTRODUCTION. ^ 

have any healing powers, and the substance sold under this 
name is merely lard and tallow. 

As progress developed in chemico-technical matters, and 
as the population increased, attention was naturally directed 
towards the recovery and utilisation of fats, and we can see 
by the enormous consumption of soap, candles, etc., the 
great importance attaching to the production of animal fats 
in the present age. Moreover, the bye-products obtained in 
the working up of fat play an important rdle, and this is 
particularly the case with glycerine, which is now produced 
in enormous quantities. Whereas half a century ago the 
glycerine formed during saponification and left behind in the 
sub-lye was simply allowed to run to waste along with the 
lye, it is to-day a highly important article of commerce, the 
amount annually produced throughout the globe being some 
40,000 tons — not altogether, it is true, from animal fat, but. 
from vegetable fats as well. Of this quantity about 26,000^ 
tons are produced in the manufacture of stearine and 14,000 ^ 
tons in soap-making. 

The preparation of fish oils — the best qualities of which 
are used as cod-liver oil for medicinal purposes, whilst the 
inferior grades are only used for technical purposes, serving 
as emollients in leather dressing — has also greatly increased ' 
in extent, although the industry has not, of course, assumed' 
the same importance as that of the other animal fats. 

So far as the method of preparing animal fats is con- 
cerned, this was until comparatively recently of a very primi- 
tive description : the crude fat was melted or " rendered '* 
in open pans heated by direct fire either with or without, 
water, perhaps then melted again for purification, and after- 
wards put on the market. The unpleasant exhalations 
attendant on some fat-rendering operations, especially when 
old fats (partly intermixed with putrescent flesh), bones, etc.,. 
were being treated, and which contaminated the atmosphere 
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4 ANIMAL FATS AND OILS. 

of all the neighbourhood round such tallow-boiling estab- 
lishments, finally led the authorities to insist on a modifica- 
tion of the arrangements, so that at the present time fat- 
melting works with th^ir perfected appliances carry on their 
occupation without producing any smell and without incon- 
venience to the vicinity. In recovering fat from bones, glue 
AS well as fat is produced, the raw material being thereby 
fully utilised in a rational manner. 

The importance attained by animal fats in the world's 
commerce can be gathered from the subjoined statistics, 
though the figures will certainly have already been exceeded 
since the dates mentioned. 

Fish oil annually produced. — Spermaceti and Spemi Oil, 
1,485,000 hectoKtres (of 22 gallons) ; other kinds, 1,170,000 hi. 
Oil from sea fowl, 58,500 hi. 

The amounts of train and fish oils imported into England 
were : — 

1888. 1889. 1890. 

Tons .... 16,861 21,061 20,302 

Value - . . . £328,579 £442,699 £419,926 

Exports from the United States : — 

1889. 1890. 

Gallons 483,208 1,844,041 

Value $127,412 $440,773 

German imports and exports : — 

1890. 1891. 

Imports 142,668 124,008 

Exports 1,948 1,871 

Liver Oil. — Newfoundland produces annually 1,250,000 
galls., valued at ±'200,000 ; Norway exported (in 1877) 
130,600 barrels, of a value of £336,600 ; Norw^ay and Sweden 
in 1879, 143,165 hi. (about 3,150,000 galls.). 

SperTnaceti and Sperm Oil, — America produced in 1878 
1,300,959 galls. ; 1879, 1,285,454 galls. The exports of sperm 
oil from New York amounted to 912,603 galls, in 1878 and 
1,089,137 galls, in 1879. This trade has somewhat fallen ofif 
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INTRODUCTION. 5 

in recent years; in 1889 the exports amounted to 98,823 
galls., worth $69,628, and in 1890 162,565 galls., value 
$124,601. 

Solid Spermaceti exported from the U.S.A. : — 

1888. 1890. 

Lbs. 425,479 447,384 

Value $11,386 $116,757 (?) 

Lard and Lard Oil, — The United States produced : — 

1884-85. 1885-86. 1886-87. 

Lbs. - - - 480,405,000 514,230,000 627,032,000 

1887-88. 1888-89. ^ 1889-90. 

Lbs. - - - 487,179,000 483,902,000 624,227,004 

One-third to one-half the above is ** compound lard" 
(lard mixed w^ith cotton-seed oil and beef stearine). The pro- 
duction of this " compound lard " rose to 300,000,000 lbs., 
but receded in 1890 to 225,000,000 lbs. 

Lard exported from the U.S.A. : — 

1886. 1887. 1888. 1889. 1890. 
Lbs. - '281,609,570 321, 523i746(?) 270,245,146 318,242,990 471,083,598 
Value - $22,523,197 $22,703,921 $23,516,097 $27,329,173 $33,455,520 

One-third of the exports come to Great Britain and Ire- 
land. 

German imports and exports of Lard : — 

1890. 1891. 

Imports 910,277 875,343 

Exports 1,364 . 1,484 

Ta^^otc;.— Total production in Europe (1882), 355,700 
tons ; U.S.A., 330,000 tons ; other countries, 60,000 tons ; 
total — 745,700 tons. The exports of Eussian tallow have 
considerably diminished of late years ; in 1860 they totalled 
40,300 tons ; 1870, 21,100 tons ; 1880, 10,400 tons. On the 
other hand, the exports from the U.S.A., Australia and, in a 
smaller degree, from South America have increased. In 
1883 the exports were : U.S.A., 45,000 ; Australia, 28,000 ; 
Argentina, 10,500 ; Uruguay, 12,000 tons. 
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6 ANIMAL FATS AND OILS. 

Exports from the U.S.A. : — 

1886. 1887. 1888. 1889. 1890. 
Lbs. - 52,699,115 84,099,951 76,470,826 77,844,656 112,746,370 
Value - $2,496,849 $8,772,837 $3,736,488 $3,942,024 $6,242,158 

German imports and exports in metercentners (of 2 
cwt.) : — 

1888. 1889. 1890. 1891. 

Imports- - - 62,263 118,126 132,232 108,133 
Exports. - - 12,047 6,164 6,926 6,812 

OCCUBRENCE, ORIGIN, PROPERTIES AND 
CHEMICAL CONSTITUTION OF ANIMAL FATS. 

Fat is found in all the organs constitutitig the animal 
organism — and in individual places accumulated in large 
quantity — as well as in all animal fluids, with the exception 
of urine. Certain animals exhibit a greater tendency to 
secrete fat than others, the domestic animals having this 
faculty particularly well developed. In the animal organism 
fat is generally found enclosed in special cells, in larger amount 
in connective tissue, in the panniculus adipoaus under the 
skin, in the plexus of the abdominal cavity, in the vicinity of 
the kidneys, in the marrow of the bones and spine, in the 
brain, in the liver and in the milk ; occurring pathologically 
in &o-called fatty tumours and in fatty degeneration of the 
various tissues. 

Concerning the origin of the . fat in the animal body the 
following may be asserted : The fiat stored up in the bodies 
of animals fed on a generous diet does nof consist solely of 
ready-formed lat absorbedfrom the food, but is to a. consider- 
able estent elaborated in the body from other .chemical 
compounds. From an exhaustive, study of the composition 
of the, nutriment of the hejrbivorous. animals, coupled witha 
knowledge of the remarkable.changes undergone by: organic 
bodies outside the organism <and reflection ou4;he ixsiportance 
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OCCURRENCE, ORIGIN, ETC., OF ANIMAL FATS. 7 

of the individual constituents of nutrition, Liebig was led to 
believe that the carbohydrates (starch, dextrin, sugar) played 
an important part in the formation of fat within the body ; 
and on the basis of his assumptions the opinion prevailed 
during several decades that the formation of fat from carbo- 
hydrates was an unassailable fact. In proof hereof were 
specially advanced the facts that in the carnivora which, 
apart from fat, consume no non-nitrogenous food, the elabo- 
ration of fat is generally deficient but increases considerably 
when they are placed on a mixed diet with an excess of 
carbohydrates; that the bulk of the food of herbivorous 
animals consists of carbohydrates ; and finally, that bees 
when fed for a long time solely on wax-fi:ee honey or sugar 
are still able to produce wax — i.e., a fatty body — without loss 
of health or weight. 

Recent researches made by Voigt and Pettenkofer, how- 
ever, have made it seem very probable that the albuminoid 
substances in the food are, apart firom the ready-formed fats 
therein, the chief source of fat, and that quite a different 
interpretation must be put on the indubitable functions 
discharged by the carbohydrates in this connection; the 
latter do not represent the special material from which the 
fat stored in the body is produced direct, but are none 
the less essential, in the dietary of the herbivorous animals 
at least, in order that fat may be elaborated. 

Pettenkofer and Voigt have demonstrated that in both 
carnivorous and herbivorous animals the decomposition of 
albuminoid substances invariably results in the separation 
of fat which in the course of further substantive alterations 
is either completely consumed, or else, when protected from 
further oxidation by the presence of other easily oxidisable 
substances like the carbohydrates, remains as a residue in 
the body and is laid up therein as a valuable store of reserve 
force to be drawn upon in time of need. The importance 
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8 ANIMAL FATS AND OILS. 

of the carbohydrates in the formation of fat is therefore 
restricted to preventing the combustion of the fat separated 
in the decomposition of the albuminoids, so that the fat has 
the opportunity of accumulating within the tissues. Actually, 
the fat and albuminoid matters of the dietary are always 
sufficient, even in the case of the enormous fat production 
exhibited by milch kine, to yield the fat formed, and fatten- 
ing with carbohydrates is only efficient provided albuminoids 
be simultaneously supplied. 

By means of a methodic system of dieting (** fattening" 
or ** feeding'') an increase of the fat and flesh of animals 
destined for the slaughter-house can be produced. As the 
body fills up in the course of fattening the animal assumes a 
condition of imperfect health, for which reason highly justifi- 
able objections have been raised against over fattening (a 
course of feeding first practised in England) not only from 
a medical standpoint but also in view of the utilisation 
of the meat. The most nutritious and best flavoured 
meat is only obtainable from animals in a condition ranging 
from incipient fattening up to the half-fat stage, whilst very 
fat beasts, on the other hand, yield chiefly tallow and fat, 
but their flesh and blood are deficient in the constituents 
acting most effectually on the transfer of matter in the 
animal economy. 

The following animals are those whose fat is most prized 
and utilised : Oxen, sheep, pigs and horses ; among birds the 
goose almost exclusively; and also the large marine mammals, 
such as the whale and seal, the dolphin, merlangus, shark, 
and a number of smaller fishes, such as the cod, ray, herring, 
sprat, sardine, anchovy, etc. 

The storage places of fat in the animal body are various. 
It is often encountered in considerable masses directly under 
the skin (as in the pig)' or between the intestines (belly fat), 
in the brain (in the sperm whale), in the liver (of numerous 
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OCCURBENCE, ORIGIN, ETC., OF ANIMAL FATS. 9 

fishes) ; or, finally, distributed throughout the whole body, 
so that in order to recover it the entire carcase must be boiled 
or pressed (small fish, such as the anchovy, etc.). 

At ordinary temperatures the animal fats when in a pure 
state are solid or liquid ; the colour ranges from white to 
yellowish-white, pale yellow or brown (fish oils). The solid 
fats melt at between 20° and 45'' C, and the liquid fats 
become semi-fluid or quite firm at temperatures from 5° C. 
downwards. The boiling-points are various, and when 
heated still further all the fats are decomposed, their glyce- 
rine being converted into acrolein, a substance with a most 
unpleasant smell. The specific gravity of the animal fats 
is lower than that of water and can, as in the case of the 
vegetable fats, be regarded as a characteristic indication of 
their purity. 

When fresh, the animal fats, for the most part, have an 
agreeable odour, the only exceptions being sundry fish oils - 
on the other hand, when old, they have generally a rancid 
and unpleasant, sometimes putrescent and even repulsive, 
smell (old bone fat, blubber, etc.). The flavour of some, i.e., 
those generally employed for alimental purposes (butter, 
goose fat, lard), is agreeable ; in others (tallow, especially 
mutton tallow), unpleasant ; and in the case of fish oils, 
occasionally nauseous. Nearly all fats will produce, even at 
the ordinary temperature, grease spots which do not disap- 
pear on warming, and even those of highest melting-point 
give rise to grease spots when heated. When absorbed by a 
wick, all fats will burn with a more or less illuminating, 
smoky and strong-smelling flame. 

The solid fats when viewed under the microscope at the 
ordinary temperature appear throughout as a mixture of 
solid and liquid substances. The solid portion consists 
mainly of crystals in the shape of plates, needles or tufts, 
which are composed of free fatty acids. If the fat be warmed 
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on a glass slip up to the melting-point, sundry solid amor- 
phous granules will still generally be left behind in the mass. 

On cooling, the fatty acids crystalUse out again, mostly 
in the form of needles. In fats poor in olein the liquid 
portion appears in the form of drops, but forms the fluid 
matrix in those rich in olein. This fluid mass when viewed 
under the microscope frequently appears not to be homo- 
geneous, but to contain drops with a different power of 
refraction from the rest. 

The fats are insoluble (or, according to recent statements, 
soluble, though with extreme difficulty) in water, and but little 
soluble in cold alcohol, though generally soluble in hot 
alcohol, ether, benzene, petroleum ether, etc. (at least in 
the warm). 

Like their vegetable congeners, the animal fats consist 
principally of neutral glycerides of the fatty acids, and there- 
fore have the general formula C3 Hg (0 OC E^), wherein R^ 
represents a monovalent hydrocarbon radicle. In addition 
to this the fats may also contain free fatty acids. Sperm oil 
and the spermaceti obtained therefrom contain, however, no 
glycerides, but ethers of the higher alcohols of the fatty series, 
and should (along with shark oil and probably all the oils de- 
rived from marine animals and having a sp. gr. of less than 
0'888 at 15° C.) properly be relegated to the category of the 
waxes. All fats may be saponified, i.e., decomposed into 
fatty acids and glycerine, by alkalis, dilute acids and by 
means of superheated steam. By this process the follow- 
ing acids and alcohols have been separated from the fats and 
waxes : — 

A. Acids. 
1. Saturated Acids of the General Formula Cn Hgn Oj. 

C4 Hg O3 Butyric acid. 
Gg Hjo O, Isovaleric acid. 
C^ H12 Og Gaproic acid. 
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Cg H^g O3 Caprylic acid. 

C9 Hio O2 Pelargic acid. 

Cjo HjQ O2 Capric acid. 

C12 H24 O2 Laurie acid. 

Ci4 Hjg O2 Myriatic acid. 

Ci5 Hjj, O2 Isocetic acid. 

^16 ^S2 ^a Palmitic acid. 

C]7 H34 O2 Daturic (margaric) acid. 

Cjg H3, O2 Stearic acid. 

C20 H40 O2 Arachic acid. 

C21 H42 O2 Medullic acid. 

C22 H44 O2 Behenic acid. 

C24 H4g O2 Lignoceric (camaubic) acid. 

C25 Hjjo O2 Hyenic acid. 

C27 H54 O2 Cerotic acid. 

Cjo Hgo O2 Melissic acid. 

0^4 Hi28 O2 Theobromic acid. 

2. Unsaturated Acids (with Double Bond) of the General 

Formula Cn B.^^ Og : — 

Cb Hg O2 Tiglic acid. 
C„ Hjo O2 Hypogeic acid. 
Oig H84 O2 Physetoleic acid. 
C]2 H^g O2 Oleic acid. 



3. Acids (with Triple Bond) of the General Formula 

CjQ Hjg O2 Linolic acid. 

C17 H30 O2 Elseomargaric acid. 

4. Acids of the General Formula Cn Hgn^j Og : — 

Gjg Hgo O2 Linolenio acid. 
C]8 H,o O2 Isolinolenic acid. 

5. Ketone Acids of the General Formula Cn Hgn^ Og : — 

C18 H,4 O3 Bicinoleic acid. 
C18 H84 O3 Bapic acid. 



B. Alcohols. 

1. Trivalent Alcohol of the Formula Cn H2n+2 O3 : — 
C5 Hg 0, Glycerol (glycerine). 
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Cie H34 O Cetyl alcohol (ethal). 
Cjg H33 O Octodecyl alcohol. 
Cjy Hgg O Ceryl (iso-ceryl) alcohol. 
Cgo Hj2 O Myricyl (melissyl) alcohol. 

3. Monovalent Aromatic Alcohols, 



Oje H44 O Phytosterin. 



The fats consist most frequently of the glyceride of pal- 
mitic acid (palmitin, tri-palmitin) CsHg (Ci6H3iC02)3 ; the gly- 
ceride of stearic acid (stearine, tri-stearine) CgHg (Ci7H36CQ2)3 ; 
the glyceride of oleic acid (olein, tri-olein) C3 Hg (C17 H33C02)3^ 
Other acids occur in small quantities in various fats, a high 
proportion of such an acid being generally characteristic of 
a certain fat. Such are : — 

Butyric acid, as a glyceride (butyrin) in the proportion of 
2 per cent, in cow's butter. 

Isovaleric acid, occurring in combination with glycerine 
in dolphin and porpoise oils. 

Of the caproic acids, isobutylacetic acid occurs as caproin 
in butter, in which caprylic and capric acids also are present 
in the form of caprylin and caprin ; so that cow*s butter con- 
tains about 8 per cent, of the glycerides of these acids. 

Medullic acid, as a glyceride in ox marrow. 

Hyenic acid, in the anal gland of Hycena striata, 

Physetoleic acid, in sperm oil ; and 

Doeglic acid, in Arctic sperm oil. 

The solid and liquid animal fats differ from one another 
in consistency, this being dependent on the varying propor- 
tions of the individual glycerides present in each ; stearine 
and palmitin being solid at the ordinary temperature, where- 
as olein is then liquid. The foregoing constitute the basis 
of the fats and may be considered as a tri-glyceride. All 
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rancid fats contain free fatty acids, the formation of which 
rests on a decomposition effected by the air, whereby 
glycerine and free fatty acids are produced. 

The saturated fatty acids up to capric acid, and the oleic, 
doeglic and various vegetable fatty acids are liquid at the 
ordinary temperature, the remainder being solid. Butyric, 
caproic, caprylic and capric acids, being capable of distillation 
without decomposition, under ordinary pressure, are therefore 
styled volatile fatty acids. 

1. Butyric Acid, 

This acid is liquid at the ordinary temperature and 
exhibits, when freshly distilled, an odour resembling that of 
acetic acid, but in a dilute condition has a very strong smell 
like rancid butter. It boils at 162*3° C, sets in a flaky condi- 
tion at - 19"" C, and has a sp. gr. of 0*958 at 14° C. It is 
readily soluble in water and can be separated therefrom 
as oily drops by calcium chloride or by common salt ; with 
alcohol and ether it is miscible in all proportions. 

Solutions of butyric acid have a corrosive acid taste, 
redden litmus and decolorise a slightly alkaline phenol- 
phthalein solution. Methyl orange also is reddened by 
solutions of butyric acid containing no butyric salts. If a 
dilute aqueous solution of this acid be distilled the acid 
passes over completely in the distillate ; in the case of very 
dilute solutions the attainment of this object is facilitated by 
previously neutralising the acid with soda, concentrating the 
liquid by evaporation, and distilling after adding dilute 
sulphuric acid. 

Concentrated butyric acid when warmed with alcohol and 
concentrated sulphuric acid forms butyric-ethyl-ester (ethyl 
butyrate), which is recognisable in small quantities by its very 
agreeable odour of pine-apple. To detect the presence of 
butyric acid in very dilute solutions by this reaction the 
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liquid is neutralised with soda, evaporated to dryness, and 
the residue warmed with alcohol and sulphuric acid. A 
portion of the butyric acid is also etherised during the 
saponification of fats, containing this acid, by strong alcohol 
and caustic potash. 

2. Caproic Acid. 

Of the isomeric caproic acids isobutylic acid occurs in 
fats. It is a liquid, soluble in but not miscible with water^ 
and possesses a smell resembling that of perspiration. The 
sp. gr. is 0-925 at 20° C. ; boiling-point, 199*7° C. ; setting- 
point, below - 18° C, at which temperature it is still liquid. 

3. Gaprylic Acid 

is also liquid, but sets, on cooling down to 12° C, to a crystal- 
line mass, melting at 16-5° C. Boiling-point, 236° to 237° C. ; 
sp. gr. at 20° C, 0*914. It has an intense smell of perspiration 
and is soluble in 400 parts of water. 

4. Capric Acid 

forms at the ordinary temperature fine flakes which melt at 
31*3-31*4° C. and emit a goaty odour. The sp. gr. of the 
melted acid is 0*93 at 37° C. ; it boils at 268-270° C, and 
1 part of the acid is soluble in 1000 parts of boiling water. 

5. Palmitic Acid. 

Pure palmitic acid consists of fine tufted groups of 
needles, or, after melting and re-solidification, of a crystalline 
scaly mass with a nacreous lustre ; it is tasteless and inodor- 
ous, melts at 62° C, and at this temperature has in the liquid 
state a sp. gr. of 0*8527. At about 350° C. it is for the most 
part volatile without decomposition and will boil at 268*5° G. 
when the pressure is reduced to 100 mm. of mercury. 

When melted palmitic acid is placed on paper, or an 
alcoholic or ethereal solution of the acid is left to evaporate 
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thereon, a grease spot is produced. This acid is soluble with 
difficulty in cold alcohol, 100 parts of the solvent taking up 
only 9*32 parts of acid, but it is very readily dissolved by 
boihng alcohol, and may therefore be very easily re-crystallised 
from this solvent. The alcoholic solution has an acid 
reaction. 

Dilute acids have no action on palmitic acid, but it 
dissolves in concentrated sulphuric acid, re-crystallising, 
however, unchanged on dilution. Boiling concentrated 
nitric acid attacks it very slowly. The salts of palmitic acid 
are very similar to those of stearic acid, but are somewhat 
more readily soluble. 

6. Stearic Acid. 

Pure stearic acid crystallised from alcoholic solution 
forms white lustrous laminae which melt at 69'2° C. to a 
perfectly colourless fluid and set to a translucent crystalline 
mass on cooling. When heated to 360° C. it begins to boil 
and partly decomposes, but may be distilled without altera- 
tion under reduced pressure — at 291° C. under a pressure 
of 100 mm. When distilled by superheated steam it also 
passes over without apparent decomposition, but according 
to observations made in the distillation of fatty acids on a 
working scale a small portion is really decomposed, being 
converted into solid hydrocarbons of the C^ H2n-i-2 series. 

The sp. gr. of this acid at 11° C. is almost identical with 
that of water, but at higher temperatures it floats in the 
latter liquid owing to its greater coefficient of expansion. 
The sp. gr. of the acid melted at 692° C. is 0*8454. 

Stearic acid is devoid of flavour or smell, handles greasy, 
and will leave a greasy mark on paper whether applied in the 
melted state or in solution. It is insoluble in water, but 
readily soluble in hot alcohol, though in cold alcohol it is even 
more difficult to dissolve than palmitic acid. One part of 
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stearic acid dissolves in 40 parts of absolute alcohol ; ether 
absorbs it readily, and at 23° C. 1 part of benzene will dissolve 
0*22 part, and 1 part of carbon bisulphide 0'3 part of stearic 
acid. 

7. Hypogeic Acid. 

White needles, melting at 33° C, gradually turning brown 
and decomposing in the air, forming liquid fatty acids of 
rancid flavour. 

8. Physetoleic Acid 

has the same composition as the preceding acid, but differs 
considerably therefrom in being unaltered by the action 
of nitrous acid. It melts at 30° C. 

9. Oleic Acid. 

It is difficult to obtain oleic acid in a perfectly pure state. 
In this condition it appears as a colourless and inodorous oil 
which sets at 4° C. but does not melt again below 14° C. ; the 
sp. gr. at this temperature is 0898. Under ordinary pressure 
the acid is undistillable, but when heated by steam at a 
temperature of 260° C. passes over unchanged. 

When perfectly pure it does not redden litmus paper, but, 
on the other hand, exerts an acid reaction on phenol- 
phthalein, since the fresh fatty acid mixture (very rich in 
oleic acid) prepared from fats by saponification and subse- 
quent acidification of the soap solution can be accurately 
titrated by means of this indicator. 

When exposed to the air oleic acid becomes yellowish or 
yellow, smells very rancid, and reddens litmus. 

This acid is insoluble in water, but readily soluble even 
in dilute cold alcohol. It may, however, be thrown down 
from its solutions by the addition of a large volume of water. 
An attempt has been made by David to found a method 
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of separation for this acid on account of its greater solubility 
than the solid fatty acids in a mixture of alcohol, water and 
acetic acid. 

If into 7 parts (1 molecule) of oleic acid there be dropped 
gradually 4 parts of bromine (1 moL), with continual shaking, 
the whole of the bromine will be taken up and dibromostearic 
acid will be formed. From its method of preparation this 
body is known as the bibromide of oleic acid. The reaction 
occurs according to the equation : — 

Cir H33 COOH + Br., = G^^ H33 Br^ COOH. 

(Oleic acid.) (Dibromostearic acid.) 

When suitably purified the product forms a clear oil. A 
similar reaction is obtained with an alcoholic solution of 
oleic acid in presence of an alcoholic solution of iodine 
containing mercuric chloride. 

If nitrous acid be allowed to react on oleic acid the latter 
sets hard in a short time and becomes converted into the 
isomeric elaidic acid, which can then, by re-crystallisation 
from alcohol, be obtained in the form of plates melting at 
46° C. 

10. Doeglic Acid, 

C19 Hgg O2, has received but little attention hitherto ; it is a 
yellow oil similar to oleic acid and setting at 4" C. 



When fats or fatty acids are treated with caustic alkalis 
or lead oxide they are saponified. Concentrated alkaline lyes 
effect saponification with great difficulty, and therefore none 
but dilute lyes should be used. In the process of saponifica- 
tion stearine and palmitin are more quickly decomposed than 
olein. 

On being melted with caustic potash, oleic acid = autopal- 
mitic acid ; erucic acid = auto-arachic acid ; hypogeic acid = 
automyristic acid, and their isomers are decomposed into 
palmitic, arachic myristic and acetic acid. Concentrated 
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sulphuric acid, in proportions of from 8 to 10 per cent., forms 
with fats at high temperatures sulpho acids, which, when 
treated with water, split up again into free fatty acids, 
glycerine and sulphuric acid. If fats or oils be treated with 
alkali carbonates, albumin, or an aqueous solution of gum 
arabic, they are thereby emulsified, and the same result is 
obtained by the action of ammonia. Alcoholic ammonia 
solution when allowed to act for a long time at ordinary 
temperature converts the fats into acid amides. 

Chlorine and bromine form substitution product^ with 
the fats or fatty acids of the methane series. Iodine does 
not, but forms, however, like the above re-agents, addition 
products with the glycerides or the fatty acids of the un- 
saturated hydrocarbons. 

Nitric acid exerts a strong oxidising reaction on the fats, 
etc., and forms oxalic acid, succinic acid and adipinic acid. 

On exposure, especially in thin layers, to the air, the 
animal fats turn rancid ; they, however, never dry, as do 
certain of the vegetable oils, to a solid skin, but remain 
always in their original, more or less greasy, condition. In 
becoming rancid a part of the non-volatile fatty acids, 
especially oleic acid, is liberated, and occasionally a com- 
plete separation into fatty acids and glycerine occurs. Ean- 
cidity spreads in solid animal fats to a much smaller extent 
than in the vegetable oils, and they keep longer and better 
in proportion as their olein content is lower and that of the 
glycerides of the solid fatty acids higher. This condition 
(rancidity) is, however, in a high degree prejudicial to the 
animal fats on account of its effect on the flavour. Under 
defective storage conditions and under the influence of ordi- 
nary sunshine temperature, rancidity sets in so quickly that 
butter, for example, may become uneatable in a few days if 
not sufficiently protected from the air. The opinions preva- 
lent on the causes of rancidity are somewhat divergent, but 
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there can be no doubt that when air is sufficiently excluded 
rancidity, if not altogether prevented, can be retarded for a 
considerable tiine. 

Liebig put forward the view that rancidity is induced by 
the influence of the extraneous substances present in the 
fat ; Lohwig assumed a fermentative action in presence of 
water and air ; whereas Kosch considered it due to oxida- 
tion by a1?mospheric oxygen, an opinion also shared by 
Duclaux ; and Berthelot ascribes it more particularly to 
moisture, the action of which is facilitated by the presence of 
extraneous substances, oxidation being merely a concomitant 
reaction. Von Eechenberg, Fliigge, PaschuUn, H. Schulz 
and Neneki believe rancidity to be caused by the action of 
unorganised fat-destroying ferments, or by microbes. Groger 
assumes that in turning rancid the fat is decomposed by 
water into fatty acids and glycerine, followed by oxidation 
through the action of atmospheric oxygen, both on the fatty 
acids and on the glycerine, since the latter is no longer de- 
tectable in a free state. The fatty acids are split up into- 
bodies (acids), poor in carbon but rich in oxygen, belonging 
partly to the fatty acid series and partly to the oxalic acid, 
series. Among the latter class azelaic acid (C9 Hi^ O4) has^. 
been identified. 

Eitsert, who occupied himself very intently with the^ 
establishment of the causes of rancidity, demonstrated thafe; 
the rancidity of pure fat is not caused by either aerobic or 
anaerobic bacteria. The fat when protected from air and 
light remained perfectly sweet, and germs inoculated therein 
died, although able to live in rancid fat. Neither can fer« 
mentative action be assumed, since sterile fat heated in a., 
closed vessel for several hours at 140° C. becomes rancid! 
under the influence of light and air. Moisture is non- 
essential to rancidity, dry fat becoming more rancid under- 
the influence of air than when moist ; but the process is one. 



Digitized by 



Google 



20 ANIMAL FATS AND OILS. 

of oxidation solely, induced by atmospheric oxygen, without 
the collaboration of any organisms. The operation proceeds 
more rapidly in proportion as light is admitted, oxygen not 
being absorbed when light is excluded, neither does air cause 
rancidity in the absence of oxygen. Pure lard kept in the 
(dark remains sweet even after a lapse of two months. The 
carbon dioxide of the air has the same influence on fat in 
the absence of light as pure carbonic acid, only less intense, 
and is absorbed by fat both in the light and in the dark 
in comparatively small amount, the fat becoming thereby 
■tallowy, but not rancid. Both nitrogen and hydrogen are 
^inactive towards fat, whether in the light or in the dark, and 
ipure butter behaves exactly like pure lard. 

Aerobic and anaerobic bacteria can live on rancid fat, but 
mot if an excess of free fatty acids be present. 

The practical results of these researches is that the prime 
-tssential condition for the prevention of rancidity in fats 
is complete exclusion of air, which being secured, exposure 
to the light or storage in the dark is immaterial. 

PEEPAEATION OF ANIMAL FATS AND OILS. 

The method employed for preparing animal fats and 
oils, that is to say, the treatment of the crude fats, differs 
somewhat from that pursued for the vegetable fats and oils, 
but finally conduces to the same end, viz., separation from 
the accompanying extraneous substances — non-fats. In all 
materials yielding vegetable fats and oils we have to do with 
fruits, seeds, etc., forming a dry, solid, and occasionally even 
hard mass, from which the fats can be obtained solely by 
the application of considerable force, or, when in a pulverised 
or pulpy condition, by extraction with special solvents. The 
animal fats, on the other hand, are devoid of the characteris- 
tic shell encasing the vegetable materials, the fat lying dis- 
tributed throughout various parts of the animal body and 
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enclosed in, or completely occupying, cellular tissues ; this 
mode of occurrence of the animal fats influences the method 
of treatment to be employed. 

Whilst the oil- and fat-producing seeds and fruits will 
bear any length of transport, and come to us from distant parts 
of the world to be worked up, the crude animal fats must be 
treated within a short time and generally at the place of their 
production if they are to be prevented from becoming putres- 
cent, whereby their quality as well as the amount of yield 
would be seriously depreciated. True, there are certain 
methods of transport that can be employed and, as in the 
case of meat brought from America and Australia, will' 
preserve the raw material intact; only, these are much too* 
expensive, and there is, moreover, no reason why the material 
should not be treated on the spot. 

Most of the animal fats are prepared by a simple process 
of melting (rendering) in suitable pans, and when separated 
from the residual tissue by straining are ready for further 
use. Other fats, e.gr., blubber (fish fat), are partly expressed 
by the pressure of the material itself when piled up into 
large heaps, the remainder being recovered — as in some other 
instances — by boiling in water or by the action of the press. 
Butter is obtained by a process peculiar to itself, the finely 
divided fat globules in the milk uniting, under the influence 
of concussion and agitation, to finally form a lump of fat. 

The extraction process which plays a great part now-a- 
days in the recovery of vegetable fats and oils, on account of 
the greater yield it ensures, is employed for animal fats 
in individual cases only, e.g., the recovery of bone fat and of 
the residual tallow in greases. 

In consequence of this peculiar composition of the raw 
material the mechanical appliances used in the preparation 
of the fats are different from those for vegetable fats and 
oils. They consist of: — 
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1. Machines for comminuting the fat ; 

2. Pans of various construction for melting down the 
crude fat; 

3. Extraction plant for bone fat whereby glue can be 
recovered at the Same time; 

4. Presses for pressing blubber, as well as for separating 
the liquid and solid fats ; 

5. Filtering apparatus. 




Fig. 1. Edge Runners for Crushing Fat. 

Latterly also the operation of separating the fat of fishes 
and marine mammals into its solid and liquid components by 
centrifugal force has come into practice. The centrifugal 
machines used for this purpose deliver the liquid fat either 
over the edge or through lateral apertures in the inner drum ; 
and machines of any known type are suitable. 

Those varieties of tallow (raw tallow, core or kidney suet) 
that are used for making artificial butter are separated into 
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their solid and liquid constituents by heavy pressure, and the 
so-called press tallow is prepared in the same manner by 
pressing tallow previously refined by melting. 

The purification of the animal fats is effected by repeated 
meltings over water, or bleaching by chemicals — an opera- 
tion but seldom resorted to. For the removal of small solid 
particles the fat is liquefied and poured through sieves or 
filter cloths. Blubber is also treated the same way or 




Fat-Grinding Mill (W. Rivoir). 



clarified by filtration by means of various mechanical appli- 
ances, such as filter presses or filtering apparatus of the kinds 
described in the author's work on Vegetable Fats and Oils 
(q.v.). 

MACHINEEY FOR BEEAKING DOWN FAT. 

Animal fats are delivered to the melter in lumps of 
all sizes, sometimes (as in the case of whale blubber) even in 
large blocks of considerable circumference and thickness; 
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but they cannot be worked up while in this condition since 
it would, on the one hand, necessitate the use of excessively 
large vessels, and on the other, the melting down in an 
unbroken state would take up too much time. However, 
it is not merely a question of dividing the fat into small 
portions, but also, and principally, of breaking down and 
loosening the cellular tissues in which the fat is enclosed, 
without which rupture of tissue an insufficient yield of pure 
fat would be obtained and the greater part of the material 




Fig. 3. Fat-Cutting Mactiine with Revolving Knives. 

would have to be exposed to an excessively high temperature 
in order to make all the fat run out. The fat is therefore 
comminuted before melting, an operation that can be effected 
in divers ways. The simplest but most cumbrous and 
tedious method is by chopping on a block with a sharp knife 
or hatchet. A better plan is to employ a knife, movable 
vertically about a fixed point — a kind of chopping machine — 
but this also is insufficient for working on a large scale. In 
England edge runners, i.e., heavy millstones made to revolve 
over a horizontal surface by means of a driving pulley (placed 
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above or below), are used, and crush the fat by their weight, 
the membrane of the cellular tissue being thereby ruptured 
and the fat converted into a pulpy mass of a considerable 
degree of fineness. 

EoUer mills may also serve for crushing fat, but the fat- 
grinding machine shown in Fig. 2 is more efficient. 

This machine consists of an iron frame on which are 
mounted grooved (sharp-edged) rollers driven by toothed 




Fig. 4. Fat- Cutting Machine with Revolving Knives. 

gearing and belting pulleys, and at the top a wooden box or 
hopper feeding the fat to the rollers. When the rollers are 
set in motion and the fat placed in the box, the rollers 
(which move in opposite directions) draw the fat in, cut it and 
crush it, and then allow it to drop into a receiver situated 
underneath. In this case the material is not only torn 
apart but comminuted as well. 
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The most efficient of all are the cutting machines such as 
are shown in Figs. 3 and 4. In the hollow of the cast-iron 
stand a number of sharp- edged knives are placed, which re- 
volve, and thereby rapidly cut in pieces the material placed 
in the upper dish, and deliver it by its own weight into a 
receiver below. 

PANS AND APPAEATUS FOE FAT MELTING. 

The pans for melting the fat may be selected in accord- 
ance with the requirements of the business, so long as it is 




Fig. 5. Portable Melting Stove with Pan. 

merely a question of small quantities or of such kinds of fat, 
e.g., hog fat, as evolve no malodorous vapours, or, finally, 
when the works are situated in a place where the neighbour- 
hood suffers no inconvenience by the production of a strong 
smell, e.g., blubber- melting works in the vicinity of the 
fishery. The pans may be mounted either on portable 
stoves, as is particularly the case in blubber refining, or else 
surrounded by brickwork, and, therefore, fixtures. In either 
case, however, the heating gases should come in contact 
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with the bottom of the pan only, in order to prevent the 
melted fat becoming overheated, a condition that would re-, 
suit not only in the discoloration (browning) of the fat, but 
also cause danger from fire. Iron or wooden vats heated by 
a steam coil, or jacketed pans, may also be advantageously 
employed. i 

A portable melting pan is depicted in Fig. 5, consistiiig of 




Fig. 6. Fixed Pan Heated by Direct Fire. 



a sheet-iron stove with furnace door and flue and a wrought- 
iron or copper pan. The dome-shaped bottom of the pan is 
protected (around the spring of the dome) from the action of 
the fire by means of a partition wall. 

A fixed pan heated by direct fire is shown in Fig. 6. The 
pan stands above the level of the bottom of the furnace, and 
is accessible by means of steps. The melted fat can be run 
oflf through a tap near the bottom of the pan. 

In large establishments, especially in inhabited districts, 
tallow melting in open pans is prohibited by the authorities, 
and the use of closed vessels is enjoined. A number of these 
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appliances are described and illustrated in the following 
pages. 

Tallow-Melting Plant Designed by Toncou. 
The inodorous tallow-melting plant devised by Toncou is 
depicted in Figs. 7 to 9. The installation comprises sixteen 
pans A, each of which is fitted with a hood B (Fig. 9), to- 
gether with a tubular superstructure and a manhole C for 




Fig. 7. Tallow-Melting Plant Heated by Direct Fire and Fitted with 
Deodorising Furnace. — A, melting pan; B, hood; C, manhole; D, 
furnace for each pan ; E, vapour catcher ; F, flue common to aU 
the furnaces; G, supplementary furnace; H, draught flue leading to 
G ; J, draught hole ; K, grating ; L, fireproof arch ; M, register. 

filling and emptying the pan. The vapour catchers (hood, 
etc.) B are connected with a draught flue H, about 30 in. 
high and 26 in. wide, which conve} s the vapours under the 
white-hot dome of a small furnace (situated directly beneath 
a shaft E, which is about 110 ft. high), where they are com- 
pletely consumed. The whole of the furnace fires are con- 
nected with the aforesaid shaft by a common flue F. In 
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very large works a draught hole J is provided, through which 
air enters and dilutes the vapours, which then pass through 
a grating K into the furnace C, the products of the com- 
bustion going on in the latter streaming through a grating 
into the fireproof arch L, and thence into the shaft. The 
hearth of the furnace G is 36 in. wide and 47 in. long. 
Coke fuel is employed here in order to reduce to a minimum 
the water vapour in the products of combustion. M is a 




Fig. 8. Tallow- Melting Plant with Direct Fire and Deodorising 
Furnace. 

vertical register or damper for shutting off the connection 
between the furnace G and the shaft E. In the same way 
the horizontal damper N serves to open up communication, 
when desired, between the flues H and F in order to divert 
the vapours from the pans whilst the fire is being kindled 
in G. By means of a second vertical damper the furnace 
gases can be diverted through the fire G, the horizontal 
damper N being assumed as open for that purpose. This 
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arrangement presents the great advantage that the vapours 
and gases to be burned need not pass through the fuel, the 
place where the coal is consumed being distinct from the 
chamber wherein the actual destruction — combustion — of 
the gases is effected, so that, since pure air alone is admitted 
to the fuel, the fire can be made stronger or reduced at wilL 
It goes without saying that the gratings K and L must be 
W 




Fig. 9. Vertical Section of a Melting Pan. 

made of fireproof material (firebrick). This notwithstanding, 
the brickwork easily becomes damaged on account of the large 
quantity of moisture contained in the vapours. 

Tallow-Melting Plant foe Sulphueic Acid 
Method. 

In order to obviate the numerous inconveniences attend- 
an,t on the melting of tallow in open pans, and the great 
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expense of large installations for working without smell, a 
practice has latterly arisen of melting tallow with the assist- 
ance of dilute sulphuric acid. An apparatus designed by 
Vohl for this purpose is shown in Fig. 10. 

This consists of a lead-lined, cast-iron pan A, with cylin- 
drical cover B and lid C, fitted with a mica plate D. A 
similar plate is fitted in the door E, and by this means 
inspection of the course of the operation proceeding inside 
the pan is facilitated. At night an artificial light is placed 

J) 




Fig. 10. Tallow-Melting Plant with Direct Fire (for Acid Treatment).-— 
A, lead-lined cast-iron pan ; B, cylindrical cover ; C, domed lid ; D, 
mica plate ; E, door ; F, outlet tap for tallow ; G, tap for drawing 
off the acid liquor ; H, hearth ; J, pipe leading from pan to con- 
denser ; K, condenser box ; L, lid ; M, packing round the rim ; 
N, outflow pipe ; 0, effluent for the easily condensable gases ; P, 
condenser ; Q, outflow pipe ; R, outflow ; S, outflow pipe for the 
permanent gases ; T, flue ; U, ash-pit. 

over the mica plate in the lid C. Mica is selected for these 
windows on account of its greater durability and security as 
compared with glass. The door E serves for the admission 
of the tallow and hermetically closes B, besides serving for 
withdrawing the greaves left on the grating at the bottom of 
the pan when the operation is terminated, after the tallow 
has been run off through the tap F and the acid liquor 
through G. The gases and vapours generated in A during 
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the melting process pass through the pipe I to the condenser 
K, which is closed by a lid L packed around the edge M. 
Inside, the box K contains a number of inclined platforms 
covered with slaked lime. The box itself is made of wood 
impregnated with tar and asphalt. The condensed water 
runs away through the pipe N and forms in the swan-neck 
E a water-seal preventing the escape of vapour. The 
nncondensed gases and vapours issue from K vid the pipe 
into the lead-lined condenser P, which is filled with coke or 
pumice, impregnated with sulphuric acid, and the accumu- 
lated liquid runs off at the bottom through the pipe Q to the 
discharge pipe E, the permanent gases, etc., being finally led 
through the pipe S into the conduit T which debouches in 
the ash-pit U below the hearth of the furnace H where they 
are consumed. These gases can be delivered underneath the 
fire without any fear of reducing the draught, since they have 
been mostly freed from water in the condenser. The ash-pit 
U is fitted with an iron door by means of which a powerful 
draught can be induced for exhausting all the gases from the 
apparatus and carrying them to be consumed in the furnace. 
V is a funnel leading to the shaft and effecting the removal 
of the furnace gases. 

In working this apparatus 20 parts of water previously 
mixed with J to 1^ parts of concentrated sulphuric acid are 
employed for each 100 parts of tallow to be melted. The 
sulphuric acid serves to effect the chemical decomposition 
and unlocking of the cells. 

Wilson's Tallow-Melting Apparatus. 

In the Wilson apparatus (Fig. 11) the steam enters 
through the perforated pipe G beneath the false bottom. 
The plate F fits tightly over the aperture E and the vessel 
is charged with tallow to two-thirds of its capacity. The 
steam pressure may be as high as 3J atmospheres, a pressure 
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which is maintained during ten hours. The condensed 
water collects beneath the false bottom and can be drawn 
oflf when required. The melted tallow runs away through 
the taps P P, and the greaves are finally removed through 
the aperture E. 




Fig. 11. Wilson's Tallow-Melting Apparatus. 

Gellhorn, Flottmann & Co.'s Steam Apparatus for 
Tallow Melting. 

The fat to be melted is introduced into the melting pan 

A, through the neck, and rests on a grid B covered with fine 

filter cloth. The pan is situated in the basement, and the 

neck projects through the ground floor, an arrangement 

economising both time and labour in charging the pan. The 

latter is constructed of strong sheet-iron, jacketed with a tin 

case and slag wool lagging to prevent loss of heat by 

3 
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radiation. When the melting pan A is filled with crude fat 
water is poured in until the charge is covered, and the neck 
is then closed by a steam-tight lid. 

Steam is conducted from the boilers C through the pipe 
D into the melting house as far as the pan A, where it passes 




Fig. 12. Gellhom, Flottmann & Co.'s Steam Apparatus for Tallow 
Melting. (Ground Plan.) 

down the two vertical branches E and F (fitted with valves 
G, H), the former of which extends almost to the bottom of 
the pan. To start the process the valve G is opened and 
admits steam (at a pressure of 3 atmospheres) into A below 
the grid B, whereby the water is first raised to the boil and 
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the fat to melting-point. The operation lasts five hours^ 
during which time the boilers have of course to be refilled 
several times, so that the steam pressure continually recedes 
and it may happen that the pressure of steam in the boiler 
becomes less than that in the pan. To prevent the steam 
escaping from the latter back into the boiler by way of the 
feed-pipes E, D, a back-pressure valve J is affixed in D. A. 




Fig. 13. Gellhorn, Flottmann & Co.'s Plant. (Section through Melting" 
House. ) — A, melting pan ; B, grid with filter ; C, boilers ; D, steam pipe ; E, . 
F, branch therefrom to A ; G, H, valves in pipes E, F ; J, back-pressure 
valve ; K, pipe to condenser ; L, valve in K ; M, condenser ; N, receiver ; . 
O, water pipe ; P, pipe conveying the gases to the furnace ; Q, R, dis- 
charge pipes; S, general outflow pipe; T, manhole; U, pipe fromA^ 
to W; V, valve in pipe U; W, clarifying vat; X, conduit from W to> 
Y ; Y, clarifying pan ; Z, steam pipe leading to Y. 



and D are also provided with pressure gauges to enable the 
pressure to be observed. When the differences of pressure 
are considerable the valve G is closed. Also at the end of 
one hour the valve G is shut and the valve L in the pipe 
K opened, whereupon steam and the malodorous gases 
evolved by the crude fat pass, in company with contained 
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.globules of fat, from A into the condenser M, which, together 
with the attached receiver N, is half filled with cold water. 
The pipe K is continued within the condenser M and de- 
bouches below the level of the water therein. Sufficient 
water is supplied by the pipe to condense the vapour and 
fix the malodorous gases in the water, whilst the uncon- 
densed gases pass with the fat globules and warmed water 
into the receiver N, and the gases that do not remain in the 
latter then pass through the pipe P to the back of the fire- 
bridge in the boiler fire where they are consumed. The 
inclined tube V in the receiver N serves to keep the water 
level in M and N constant by drawing off a quantity of warm 
water equal to that of the cold supplied and delivering it 
into the pipe E, which discharges it through the conunon 
outfall S into the open air, where it can be mixed with soil 
for manure. 

The fat accumulating in time in the receiver N is re- 
moved through the manhole T. Taps leading to the outfall 
pipe S are fitted to the receiver and condenser in order to 
draw off their contents when they have to be emptied and 
cleaned. 

Condenser, receiver and melting pan are built of strong 
sheet iron. When the gas is all removed the supply of 
water to the condenser is arrested, and the pan A discon- 
nected from the condenser by closing the valve L. G being 
reopened, fresh steam is admitted into A, and the crude fat is 
again melted, this time for four hours, whereafter G is once 
more closed and the vapour and gas again passed through 
the condenser as already described. When the gauge on 
the pan shows that all the pressure is removed, A is closed 
and left for an hour, during which period of repose the pre- 
liminary clarification of the melted fat from the admixed 
solid residue and dirt is effected. The valve H in the 
pipe F being then opened, steam enters the upper part 
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of the pan and presses on the surface of the fat there float- 
ing on the water ; and when the valve V is opened the fat 
and water are forced through the pipe U into the clarifying 
vat W, the water entering first and being followed by the 
tallow, which is freed from the solid residue and coarser 
particles of dirt by the filter B, these latter being removed 
from A through the lower opening, which at other times is 
tightly closed. The clarifying vat W is of sheet-iron and has 
the largest possible surface ; here are separated the particlea 
of dirt, part of them sinking to the bottom and part form- 
ing a thin scum on the surface of the fat. After remaining: 
at rest in this vat for six to eight hours the fat is- 
then gradually floated upwards by means of water, admitted! 
through the pipe 0, until it runs off through the tapped pipe 
X into the clarifying pan Y, the water and deposited dirt in 
W being drawn off from the bottom. The vessel W is 
covered in, the vapour which enters when the mass is forced 
over from the pan A escaping through a pipe extending into 
the open air above the roof. The clarifying pan Y is a 
wrought-iron jacketed pan, open at the top, constructed to 
stand the working pressure (8 atmos.) of the steam in A, and 
lagged with lead and slag wool to prevent radiation. Before 
the fat is admitted the pan is partly filled with clean cold 
water, and then, when the fat is in, the mass is gently boiled 
by means of steam admitted into the jacket space from the 
pipe D vid Z. After treating in this way for an hour, 
during which time the scum is taken off, the valve in the 
pipe Z is closed, and the steam and water of condensation 
are run off through S. 

When the mass is so far cooled that it begins to set, the 
tap in the pipe leading from the bottom of the clarifying pan 
is opened and the contents drawn off, the water and dirt 
first, and then the purified fat, which is deHvered into the 
transport casks. In the hot season cold water from is 
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passed into the jacket space around the pan and assists the 
setting of the fat. 

By means of this apparatus perfectly pure tallow is pro- 
duced. 

LocKwooD AND Everitt's Steam Plant for Tallow 
Melting. 

The advantages of this plant consist chiefly in the complete 
destruction of the evil-smelling vapours injurious to health, 
and in the security of the apparatus against explosion, the fat 
being gradually melted in a digester. The apparatus con- 
sists of two parts, viz., a melting pan and a furnace for con- 
suming the evolved gases and vapours, these two parts being 
connected by a pipe J. The pan, or digester, which contains 
the fat to be melted, consists of a steam-tight cylindrical 
vessel A surrounded by a jacket B. In order to make the 
apparatus extremely firm — since it has to bear a tempor- 
ary pressure of 7 atmospheres — the top and bottom of the 
cylinder are connected by iron stays and the jacket with the 
inner cylinder by stay bolts, in addition to which the steam 
pipe C, which serves to regularise the temperature of the 
charge of fat, also assists in strengthening the pan. Under 
the vessel, which is mounted on feet, is a furnace, the hot 
gases from which pass through flues G cut in the brickwork 
in such a manner that the gases come in contact with as large 
a surface as possible of the pan and finally escape into the 
chimney. The melting pan is filled by way of a manhole E, 
and the residual skin, greaves, etc., are removed through an 
opening F. The removal of the liquid fat is effected by an 
exhaust pipe M turning on a swivel joint D, and fitted at the 
end with a strainer to keep back extraneous matters, the 
other end leading to an outlet pipe U, through which the fat, 
forced upwards by the pressure in the pan, is delivered to 
any convenient spot. The gases and vapours generated 
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during the melting of the crude fat are led through the 
junction pipe J to the Argand furnace (as the inventor 
designates this portion of the apparatus). Here the gases at 
first traverse a system of heated tubes and then issue 
through four burners P arranged symmetrically around the 
furnace, and are there mixed with atmospheric air and burned. 




Fig. 14. Steam Plant for Tallow Melting. — A, sheet-iron pan ; B, jacket ; 
C, steam pipe ; D, stay rods ; E, manhole ; F, outlet ; G, flue ; H, 
hearth ; J, pipe leading to furnace ; K, pressure gauge of steam 
jacket ; L, pressure gauge of digester ; M, exhaust pipe with strainer ; 
N, swivel joint ; O, system of tubes ; P, burner ; Q, opening and 
air chamber ; R, hearth ; S, tube ; T, flue ; U, outlet pipe. 

The products of combustion in ascending surround the spiral 
and escape into the chimney T. The air requisite for com- 
bustion enters at the upper part of the furnace, at G, into an 
air chamber enclosed in the bricWork, where it is heated, 
and thence passes to the burners below. In order to increase 
the draught a small tube S conducts heated gas under pres- 
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sure into the space below the hearth E. With this descrip- 
tion the working of the apparatus can be explained in a very 
few words. After the jacket B has been filled with water up 
to a level with the top of the flue, the charge of fat is placed 
in the digester, care being taken that the exhaust pipe M is 
first raised to its highest position and fixed there. Simul- 
taneously with the closing of the feed-opening the Argand 
furnace is kindled, and as soon as a moderate amount of 
pressure is indicated by the gauge K the tap in the pipe J is 
opened and the gases allowed to escape to the combustion 
furnace, which must in the meantime have become hot 
enough to ensure the destruction of the malodorous gases. 
The heating of the melting pan is so regulated that the pres- 
sure inside the pan does not exceed 2^ atmospheres and that 
in the jacket space not more than 4 atmospheres. In order 
to ascertain when the melting is complete, samples may be 
taken from time to time through the pipe M. The capacity 
of this digester is generally 7J tons. When the residual 
tissues are intended for fodder they are dried at night in 
the pan itself, a low fire being kept up in the combustion 
furnace. 

Steam Appakatus for Tallow Melting. 

A simple form of tallow melter heated by steam is given 
in Fig. 15. 

The apparatus consists of a pan covered with a hood 
which is fitted with an effluent pipe. The tube through 
which steam at a pressure of several atmospheres is 
admitted is wound in spiral form in such a manner that the 
upper tier of the coil is situated at a level about one-third 
the height of the pan, the others being directed progressively 
downwards until the lowest one makes its exit at the foot 
of the vessel. Since the steam enters at the top of the coil 
and condenses to water therein, it is necessary to give 
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the coil such a pitch that the water can run away freely. 
At the commencement of working the steam is regulated so 
that water alone issues from the lower extremity of the coil, 
and the steam current is allowed to act until the crackling 
sound caused by the evaporation of water from the greaves 
is heard inside the pan. 

To facilitate the removal of the melted fat the bottom of 
the pan is rounded and is fitted with a pipe, above which 
is a sieve supporting the greaves, these latter being after- 
wards removed through a lateral opening (covered by a 




Fig. 16. Steamer for Melting Tallow. 

screwed lid) on a level with the false bottom. A water 
gauge, fitted at the side of the pan, enables the height of 
the melted tallow in the vessel to be observed. The pan 
is also lagged with wood to prevent the radiation of heat. 
A slow current of steam may be passed through the coil 
even while the pan is being charged, the current being 
turned on more fully, as already described, when the pan is 
closed. Directly the fat is melted the steam is shut off, the 
fat being then run away through the pipe at the bottom of 
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the vessel, which is refilled with tallow after the greaves 
have been cleared out. 

Eivoir's Steam Apparatus for Tallow Melting. 

This apparatus, displayed in Fig. 16, works without 
smell, and the liquefaction of the fat is effected by steam 
under a pressure of from 3 to 5 atmospheres. The pan is 
made of wrought iron, with a riveted, rounded bottom, 




Fig. 16. Steam Apparatus for Tallow Melting (W. Rivoir, Offenbach- 
on-Main). 

and stands upright on a wrought-iron frame. In the lower 
fourth of the cylinder two perforated false bottoms are 
fixed at a little distance apart, the fat to be melted being 
laid on the upper one, which is readily accessible from 
outside through a lateral aperture closed by means of a bow 
and screw and situated on the same level with the false 
bottom. This opening serves for clearing out the greaves. 
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Between the false bottoms there is a lateral tap for drawing 
off the melted fat. 

Beneath the lower false bottom is situated the steam 
•coil, and below that again, in the deepest part of the pan, 
•are the tap and pipe for emptying the vessel completely. 
At the top of the apparatus is a manhole, fastened by a bow 
And screw, through which the pan is filled, and entered for 
cleaning ; and an escape pipe for the vapours is also situated 
in the top of the vessel. When the apparatus is connected 
ivith a steam supply working at a pressure exceeding 5 
Atmospheres it must be provided with a safety valve, pressure 
igauge, reducing valve and back-pressure valve between the 
pan and the feed-pipe. Where steam is not available the 
Apparatus can be modified so as to be set in brickwork and 
generate the steam required for the melting process. 

For working with indirect steam, i.e., without the steam 
and fat coming into direct contact, the maker supplies 
jacketed pans well tinned inside, the heat being then applied 
by a steam coil situated in the space between the two walls 
of the pan. A cold water coil is also provided, so that 
the temperature can be regulated as desired. The interior 
fittings comprise a vertical pipe and a draw-off tap as in the 
case of the single pan, a tap for completely emptying the 
vessel being placed, with its attached pipe, centrally, at the 
lowest point in the bottom. The pan itself is supported on 
a wrought-iron stand. 

In order to accelerate the melting process stirrers are 
provided which squeeze the lumps of melting fat between 
arms. These stirrers are made of well-tinned wrought iron 
and are easily taken out for cleaning. Motion is imparted 
from a driving pulley above and a pair of cone wheels, and 
they can be arranged for driving either by hand or power. 

By reason of their simplicity and great capacity Eivoir*s 
melting pans have proved exceedingly useful and are pre- 
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ferred by experienced melters to more complex and less 
practical systems. 

For melting good quality tallow {premier jus, edible fat) 
Eivoir makes simple, round, wooden vats heated by direct 
steam, which is admitted through a coil at the bottom. A 
draw-ofif tap for the melted fat is placed at a moderate 
height above the foot, the fat being delivered to this tap 
by a jointed pipe, an arrangement which allows the clear fat 
to be drawn from any level within the vat. A cleaning-out 
valve is fitted in the bottom, the aperture being large to . 
enable the residue to be removed from the vat with ease and 
the latter swilled out with water. All the ironwork coming^ 
in contact with the fat is well tinned. 

0. Heintschel's Tallow-Melting, Claeifying and 
Filtering Apparatus for Continuous Work. 

The apparatus shown in various points of detail in Figs. 
17 to 20 consists of three parts : the melting pan A, the 
clarifier B and the filtering vessels C^ C* C^. 

The melting pan is a cyhndrical vessel with a funnel- 
shaped bottom, which, as shown in Figs. 17 and 18, is 
jacketed, the intermediate space between the walls contain- 
ing a heating apparatus H\ composed of coiled or transverse 
pipes or pouches. In the axis of this pan is situated a verti- 
cal filtering cylinder F^ (Fig. 19), projecting through both lid 
and bottom of the pan and fitted with stirrers and overhead 
driving gear. Being open below and projecting through the 
bottom W, this cylinder communicates with the second 
chamber B, unless closed by means of a slide or trap, etc., V, 
whereby the two chambers can be isolated. Close to the 
filter tube, in the deepest point of the bottom of A, is a second 
opening (Fig. 19), so that a valve adjustable from out- 
side enables A and B to be connected with or shut off from 
one another. The filtering cyhnder has a perforated jacket^ 



Digitized by 



Google 



PANS AND APPARATUS FOR FAT MELTING. 



45 



whereby the fat introduced into A through the feed-opening 
E is, after being melted by the warm air in the double walls 
or heating apparatus, enabled to filter through the openings 
in the said cylinder. When V (Fig. 18) is open the fat 
drains away and collects in B. In order to increase the 
filtering capacity the tube F may be replaced by perforated 
filter tubes, the perforations being made only on the side of 




Fig. 17. Heintschel's Tallow-Melting, Clarifying and Filtering 
Apparatus. (Front Vertical Section. ) 

the tube opposed to the direction of movement of F, in order 
to prevent the clogging of the filtering surface. For the 
same purpose a slide, perforated with apertures correspond- 
ing to those on the cylinder, can be mounted thereon and by 
being moved up and down be made to clear away any fibres, 
etc., attaching themselves to the apertures ; or a scraper 
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may be affixed to part of the apparatus so that its cutting 
edge rests on the filter cylinder and scrapes off any adherent 
matter during the rotation of the cylinder. 

The clarifying chamber B is situated underneath or by 
the side of A, and, like the latter, has a deepened bottom and 
a heating apparatus. At the deepest point in the bottom it 
is fitted with a closable aperture, and near this a telescopic 
or hinged tube (adjustable from the outside) or else a num- 
ber of taps at different heights. When a sufficient quantity 




Fig. 18. Heintschel's Apparatus. (Details of Melting Pan.) 

of melted fat has been run off from. A into B then the cham- 
bers are isolated by closing the aperture of communication. 
In consequence of their different specific gravity, the various 
grades of tallow, as well as the admixed particles of fibre and 
water, quickly separate in layers, the better, lighter grades 
being at the top, the others successively lower, and the water 
and fibrous particles weighted therewith, lowest of all in the 
deepened bottom B ; so that by suitably adjusting the draw- 
off tube, or by way of the taps, definite grades of melted fat 
can always be run off from above downwards and conducted 
by the flexible tube D into the clarifying vessels. 
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The solid constituents (greaves) collecting, in the course 
of the continuous melting process, in the bottom of the melt- 
ing chamber A, as well as water, blood residue, etc., are 
drawn off from time to time through into the empty 
clarifying chamber, where they are clarified, the hot liquid 
fats they still contain being removed through T ; and, 
finally, the less valuable, thick residues are withdrawn 




Fig. 19. Heintschel's Apparatus. (Lateral Section.) 

through into the vessels placed underneath, where they 
can be subjected to further treatment. In this process, by 
means of the continuous series of operations performed in 
succession (melting, clarifsdng and drawing off), the capacity 
of the apparatus is far in advance of the old-fashioned plant 
as regards both the quantitative and qualitative results ob- 
tained. Moreover, this system possesses the additional ad- 
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vantage that by drawing off through the adjustable pipe B 
and collecting extremely unifonii grades of melted fat in the 
corresponding clarifying vessels, a well- assorted class of goods 
is produced and the raw material utilised to the best advan- 
tage. In order to enable the separation of the fats to be 
effected according to specific gravity in the chamber A^ 
another construction is given to the filtering cylinder. This 
is perforated with a convenient number of holes or slits ar- 




^m 



Fig. 20. Heintschel's Apparatus. (Filtering Cylinder.) 

ranged in rings at different heights and is provided with a 
well-fitting inner tube perforated to correspond. 

Thus, for example, if the fat is to be separated into three 
portions at equal intervals of height, three equidistant rows 
of rings are provided. By raising or lowering the tube, e.g., 
through a distance equal to one-third of the interval between 
the rings, the sifting rings opposite the one layer are brought 
into juxtaposition ,1^^^ the openings in the other two being 
covered and thereby closed. By this means a qualitative 
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separation of the melted fats can be effected even in the 
melting chamber A, uniformity of quality being thereby- 
more effectually ensured. 

Pat-Extracting Apparatus with Corrugated Bottom. 

The apparatus shown in plan in Fig. 21, and in side and 

front view in Figs. 22 and 23 respectively, is designed for 
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Fig. 21. Fat-Extracting Apparatus with Corrugated Bottom. 




ft 
Fig. 22. Apparatus with Corrugated Bottom. (Side View.) 

melting fat or extracting it from fatty substances. It is en- 
closed on all sides and heated internally by steam passing 
through several series of parallel pipes a arranged at different 
heights, the walls being covered with insulating material to 
prevent radiation. The arrangement is such that the steam 
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from a common feed-pipe c enters each series at the same 
time, so that a uniform temperature is maintained through- 
out all parts of the tubes and apparatus. In order to increase 
the influence of the heat, radiated from the pipes, on the fat 
or fatty matter in the flat boxes c, and, with this object, to 
obtain the largest possible extent of surface, the bottom of the 
box is made of corrugated tinplate, an arrangement greatly in- 
creasing the area of surface exposed in comparison with a 
flat bottom. In the hollows formed by the corrugations are 
fixed semicircular or angular strips of iron, which are perfo- • 
rated all along the edges, so that the melted fat can run 
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Fig. 23. Melting Apparatus with Corrugated 
Bottom. (Front View.) 



Fig. 24. Arrangement of 
Funnel. 



through into the channel formed by the iron strips and hol- 
lows of the bottom and run down to the front of the box, 
which is laid at an angle for this purpose. Not only is the 
draining of the fat facilitated by this arrangement but the 
impurities are also retained. The fat arriving at the front 
of the boxes runs down through apertures there into open 
channels e, which convey it to a vertical collecting pipe. In 
this case the corrugations extend to the front end of each 
box. Instead, however, of having a channel e underneath^ 
the front edge of the box may be inclined towards the centre 
of the apparatus, and when this is the case the corrugations 
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do not extend quite to the edge, but a ledge sloping down 
towards the middle of the apparatus is attached thereto. 
The fat coming from the channels or boxes runs into this 
ledge and is conveyed therein to the centre of the apparatus. 
Under these ends are arranged stays (fastened near the 
collecting pipe) which catch the fat and lead it into the col- 
lecting pipes, from whence it passes to the collecting vessel. 
Another method of draining the fat from the front end of 
the boxes consists in allowing it to fall direct into a channel 
at the bottom of the apparatus, in which case the ends are 
arranged stepwise, the upper ones always projecting beyond 
those successively lower, so that the fat can drop direct 
from each to the channel 6^, which slopes down towards the 
middle and terminates there in a collecting pipe. To prevent 
the fat splashing as it falls into the channel the latter is 
made in the shape of a funnel, with an angle as acute a& 
possible, so that splashing is out of the question. This, 
channel may either be provided with a small lateral opening 
discharging into a concave channel e^, or may have an open- 
ing at the bottom, under which a partition wall e^ covered, 
with a shed roof, is arranged. 

Instead of fitting the boxes with corrugated bottoms aa. 
described, ordinary melting vessels may be employed, corru.- 
gated plates being fitted either on the bottom or at a slight 
distance above. The fat is placed on these plates so that the 
melted fat flows down the channels and collects in the 
bottom of the vessel, to be then drained away in a suitable 
manner. 

ExTEACTiON Plant. 

As already mentioned, the extraction process, which in 
the vegetable fat and oil industry is of considerable impor- 
tance, is only employed in isolated cases for animal fats, the 
nature of the latter being different. Bone fat is the chief fat 
recovered by extraction, and rationally conducted establish- 
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inents either extract the fat alone from the bones and treat 
the residual matter in other ways, or work up the bones com- 
pletely in one operation. The forms of apparatus described 
in that section of the author's work Vegetable Fats and Oils 
dealing with extraction processes (q.v.) are also applicable 
for the treatment of bones as well as of the residue (greaves) 
from fat-boiling works, whilst the plant now described is 
intended specially for the extraction of bone fat only. 

Dr. Ahrens* Apparatus for Extracting Bone Fat. 

Latterly it has been proposed to replace the benzene 
ralmost universally employed for depriving bones of their fat 
iby carbon tetrachloride, which is a powerful solvent of fat, 
jhas a constant boiling temperature, is uninflammable and 
leaves behind no unpleasant smell in the fat after saponifi- 
«cation. If, however, carbon tetrachloride be used in the 
ordinary fat-extracting apparatus a remarkable phenomenon 
is observed : the fat is either black or very dark brown in 
colour. This results from the decomposition products of the 
carbon bisulphide always present in commercial tetrachloride, 
the bisulphide forming, with the ammonia in the bones and 
iron in the blood, sulphocarbonates, which split up into 
carbonates and sulphur compounds, which are always dark 
coloured and remain behind in the extracted fat after the 
removal of the solvent by evaporation. On the other hand, 
chemically pure carbon tetrachloride cannot be employed, on 
account of its high price. 

Nevertheless, the present process and the apparatus there- 
for enable the ordinary tetrachloride, contaminated by car- 
bon bisulphide, to be used, the above-named objection being 
obviated. The process consists in depriving the bones of 
their fat in an open extractor fitted with two perforated false 
bottoms and a cooler, the cooling water of which covers the 
bones and the solvent. The ammoniacal vapours expelled 
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from the bones during the heating of the solvent, form, with 
the accompanying air, bubbles, which ascend through the 
liquid and carry with them the carbon tetrachloride. In 
order to separate these bubbles of air, ammonia and tetra- 
chloride into their constituent compounds, a number of 
sieves arranged spirally and connected by fine sieves are 
fitted in the cooler, against which the bubbles impinge, 
whereby, in conjunction with the action of the water trick- 




FiG. 26. Ahren's Bone-Fat Extracting Apparatus. (Cross Section.) 

ling down the partition walls, the tetrachloride is deposited 
in the form of specifically heavier oily drops, which are re- 
conducted to the extractor, whilst the air escapes and the 
ammonia is retained by the cooling water. In the appended 
illustrations Fig. 25 shows the general plan of the appara- 
tus and Fig. 26 a modification in the construction of the 
cooler affixed to the top of same. The method of working 
the form depicted in Fig. 25 is as follows : After the extrac- 
tor A has been filled with bones through the upper manhole 



Digitized by 



Google 



54 



ANIMAL FATS AND OILS. 



SO that they reach nearly up as high as the upper false 
bottom m (which prevents their floating), the manholes O 
and 0^ are closed and carbon tetrachloride is run in from the 
storage vessel E until the bones are covered and the solvent 
attains the level of m, which can be ascertained by means of 
the. windows. The tap a^ of the pipe supplying the solvent 
is then closed and water is poured into the cooler B through 
a neck a until the level of the upper manhole is attained. 
Meanwhile the valve a^ of the overflow pipe u is closed, the 
manhole cover being off. The solvent in A is then heated to 
boiling-point by a steam coil B^ under the lower grating 




Fig. 26. Ahrens* Bone-Fat Extracting Apparatus. (Cooler.) 

(false bottom) m and dissolves out the fat contained in the 
bones. The vapours of carbon tetrachloride evolved during 
the boiling ascend into the water in the cooler, are there con- 
densed and fall back into A, to then renew their course. At 
the commencement of boiling, air and ammonia are given off 
from the bones and carry some tetrachloride with them. 
The partition walls Y in the cooler B, which serve to sepa- 
rate the bubbles of gas, run in a spiral direction upwards, 
inclining towards the axis of the cooler and being connected 
together by fine sieves. The ascending bubbles impinge on 
the spiral walls and are diverted laterally, passing from one 
compartment into another until they burst. By the impact 
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of the bubbles .on the partition walls and their passage 
through the sieves, the tetrachloride is, under the concomi- 
tant action of the cooling water, deposited, and, with the 
assistance of the stream of water trickling from S, rolls down 
the steep plane until it reaches the lowest point, whence it is 
diverted back into the extractor. The ascending ammoniacal 
vapour is dissolved by the cooling water and is conveyed away 
through the overflow pipe u for further treatment. This 
overflow pipe is fitted with a cover in the vicinity of its em- 
bouchure in order that the descending tetrachloride may be 
diverted sideways. Any tetrachloride carried away, not- 
withstanding this arrangement, is removed by a separating 
funnel D fixed at the lower extremity of the overflow pipe, 
where it falls to the bottom and is conveyed through a short 
.pipe d into the conduit e and into a circulation vessel, whilst 
the cooling water runs away from the separating funnel. 

When, after several hours* exposure to the tetrachloride, 
the bulk of the fat is dissolved, the solution is run off through 
the tap a into the still c, and the extractor re-charged (after 
closing a and opening a^) with solvent from the vessel B tO 
the same. height as before. The solvent is distilled off in C 
and is condensed in the cooler K, whence it flows through 
e and E back into the extractor. The circulation vessel E, 
which is connected to the cooler K on the one hand and 
with the extractor on the other, serves to control the pro- 
gress of the operation, in that the liquid distilled from the 
fat flows into it (E) from the cooler and thence into the ex- 
tractor. For the purposes of this control a water-gauge glass 
is attached to the circulation vessel, so that by observing the 
fluctuations of the level of the liquid in the gauge the course 
of the operation can be judged. 

The extraction of the fat is gradually effected in the fore- 
going manner, and the solvent becomes progressively poorer 
in fat. As soon as a sample taken from c^, between the ex- 



Digitized by 



Google 



56 ANIMAL FATS AND OILS. 

tractor and the still, is found to be free from fat the extraction 
is finished, and the expulsion of the solvent from A is proceeded 
with. This is accomplished by admitting direct steam into 
A through pipes a^ by closing the taps a and c, turning the 
steam valve k^ back to k, drawing off the cooling water 
through the pipe V\ closing the manhole lid b and then 
opening the tap ¥ of the pipe leading to the cooler. Here- 
upon the solvent passes over into the cooler K, where it is 
condensed and returned to the vessel E for use over again, 
whilst the fat is freed from the last traces of solvent in the 
still C and is finally drawn off. Several of these extractors 
can also be united to form a battery, and the solvent re- 
maining in the first extractor at the conclusion of the opera- 
tion may be transferred to the second extractor ready filled 
with bones, an arrangement saving both time and steam. 
Moreover, at the commencement of operations the (closed) 
extractor can be connected with an air pump in order to 
exhaust the bones of air and gas and thus reduce the amount 
of gas evolved ; this without deviating from the principle of 
the invention. 

In Fig. 26 the cooler B is modified in so far that it is 
flattened at the base and expanded laterally and connected with 
the extractor A by a shut-off valve a^. The cooler may be also 
jacketed or fitted with a worm tube to reduce the temperature. 

By the method of extraction in open vessels with carbon 
tetrachloride — boiling at 65° to 78° C. according to its degree 
of purity — the employment of a uniform low temperature, 
and consequently the production of good fat, is rendered 
feasible, the decomposition of the solvent being, furthermore, 
prevented, since all the evolved gases and salts are removed 
by the supernatant cooling water. In addition to this the 
glue in the bones is greatly protected by reason of the low 
temperature employed and of the insolubility of the glue in 
tetrachloride. 
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The vessel a, which is fitted with a perforated false 
bottom, is filled with bones, and the opening h closed. Here- 
upon, the hemispherical steam pan is placed mider steam pres- 
sure, and the tap d in the feed-pipe supplying the solvent (ben- 
zine) opened. The benzine flows from the feed-pipe 6 on to 
the hemispherical surface, where it is vaporised, and ascends, 




Fig. 27. Kaleczok's Bone-Fat Extracting Apparatus. 

along with the vapours given off by the bones, through the 
pipe e into the condenser/. The condensed solvent and the 
water (the steam from the bones) arrive at the chamber A, 
whence the water runs off through the pipe i, and the benzine 
continues on its way through the chamber g and thence 
through the feed-pipe back to the vaporising pan. The fat 
extracted from the bones, accompanied by a small quantity 
of the solvent, runs away from a through the pipe k to the 
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vessel I containing the steam coil m. The steam pipe in the 
bottom of a is arranged as a spiral coil. 

A screen fitted over the benzine supply pipe prevents the 
extracted fat from coming into contact with the hot steam ' 
pipe. A number of small apertures in the benzine pipe per- 
mit the outflow of the solvent on to the hemispherical surface 
of the vaporising pan. The effluent liquid is immediately 
vaporised, so that overflow is impossible. A flange, which 
serves to support the feed-pipe, forms the connection between 
several branch tubes. 




Fig. 28. The Holdhaus Fat-Extracting Apparatus. 

The Holdhaus Appaeatus foe Exteacting Fat and 
Deying the Eesidue. 

The apparatus displayed in Fig. 28 serves for the extrac- 
tion of fat from tissue and also for drying the residue. It 
consists of a drying cylinder A, provided with an arrange- 
ment for warming and manipulating the contents. A series* 
of cylindrical vessels H is superimposed, and these communi- 
cate with the drying cylinder by apertures I in the bottom. 
These vessels are also provided with suitable openings for 
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the admission of the material into the recipients, and each is 
fitted with a workable piston M, which can be forced down- 
wards by the mechanism provided for that purpose and 
squeezes the liquid out of the boiled material. The liquid is 
then drawn off through the tap e^. The vapours from the 
vessels H are condensed and removed by means of one or 
several condensers and suitable pipes. The pressed material 
is then transferred from the vessels into the drying cylinder, 
where it is freed from moisture. 

Meikle's Apparatus for Extracting Bones, Seeds, 

Fish, etc. 

The cylindrical vessel (Fig. 29) is divided into an upper 
and lower chamber by means of a perforated partition sup- 
porting a layer of filtering material, and is also fitted with a 
hollow lid, conical projections on the under side of which 
facilitate an evenly distributed dropping of the solvent. The 
hollow space within the lid can be heated or cooled by means 
of the contained steam and cold water pipes. The steaming 
chamber is steam jacketed and is also fitted with a small 
steam jacket or steam disc on the inside. The lower chamber 
is provided with a similar heating appliance, and both are 
fitted with revolving stirrers mounted on a hollow shaft, 
which extends through the partition, and is perforated with 
lateral apertures. 

When the apparatus is to be used the raw material is 
placed in the upper chamber and impregnated with the 
solvent, which is forced in, under pressure, through a supply 
pipe perforated to ensure uniform penetration. The re- 
sulting fatty solution then filters through the partition and 
heat is applied to the lower chamber, whereby the solvent 
is vaporised and ascends, not through the filter, but by the 
easier passage, viz,, the hollow shaft, and escapes through 
the lateral apertures thereof. The vapours are condensed 
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by the cold water pipe in the hollow lid, and the conical pro- 
jections present the advantage of preventing the condensed 
liquid from collecting at one place, in that it drops uniformly 
from all the points formed by these cones, and so impreg- 
nates the material evenly. The extraction, therefore, pro- 




FiG. 29. Meikle's Extractor for Bones, Seeds or Fish. 
ceeds continuously, and the stirrers can be set in action when 
convenient. When the operation is completed the hollow 
lid is no longer cooled, but heated like the rest of the appara- 
tus, and the vapours then pass to the condenser. As soon 
as the extracted oil or fat is removed, the apparatus can be 
filled with a fresh charge of material. 
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Apparatus for Extracting Fat and Glue. 

E. J. Machalski of Brooklyn has constructed an apparatus 
for this purpose, the details of which are as follow : At the 
bottom of the vessel destined for the reception of the materials 
to be treated is placed a steam disc for heating same. Three 
pipes debouch into the vessel, one of them conveying the 
(vaporised) solvent, the second removing the excess of this 
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Fig. 30. Machalski's Extractor for Fat and Glue. 

vapour to the condenser and the third supplying water. 
Underneath the vessel are placed recipients for collecting the 
fat and glue, and there is also a battery of cisterns for con- 
centrating and purifying the liquid glue, so arranged, one 
above the other, that the liquid runs through the series by 
gravitation, to be finally forced up through a pipe into special 
clarifying vessels. 
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Schweitzeb's Extraction Plant 



for animal (and vegetable) materials is composed of an ex- 
traction cylinder fitted with manholes at the top and side, a 
condenser, an evaporator and the vessels destined to receive 
the condensed solvent. The pipes and valves effect the 
following combinations : Extractor with condenser, evapo- 
rator and condenser, condenser and storage vessel. The ap- 
paratus produces a perfectly dry residue, because the solvent 
used has a much higher boiling-point than that of water. 




Fig. 31. Schweitzer's Extractor for Animal Material. 

The method of working is as follows : The materials are 
placed on the grating in the extractor, and the solvent is ad- 
mitted. Then all the communications are shut off except 
that between the extractor and condenser, and the solvent 
is heated by steam pipes nearly to boiling, whereby chiefly 
water vapour is evolved. The fat is dissolved and falls 
through the grating, and when the extraction is terminated 
the fatty mixture is transferred to the evaporator and heated 
to boiling, whereupdn the connection leading to the con- 
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denser is opened and the fat or oil afterwards drawn off. If 
the residue is to be freed from the small portion of adherent 
solvent it is then heated to boiling in the extractor, and the 
evolved vapour is led into the condenser. 

W. 0. Bobbin's Extbactob. 

Thi^ apparatus (Fig. 32) is described by the inventor as 
consisting of a cylinder (for containing the material to be 
extracted) traversed by a perforated tube for the admission 
underpressure of the solvent or of air. In the interior of 




Fig. 32. W. 0. Bobbin's Extractor. 

the cylinder runs, on a guide way, an accurately fitting 
carriage, for the reception of the raw material, and provided 
with a slip extending from top to bottom. The operation is 
eiBfected by filling the carriage with the material under treat- 
ment, the latter being then exposed to the action of the 
selected solvent, passed into the cyhnder under pressure. 
When the extraction is completed the excess of vapour is 
driven over into the condenser by air, whereby the press 
residue is simultaneously dried, and the fat run off. 
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Perfected Extraction Apparatus. 



In the various other extraction processes the separation of 
the fat and the concentration of the crude glue Hquor have to 
be effected in separate, independent vessels, an arrangement 
entailing special attendance on each. In the present case, 
however, the entire process, viz., the steaming of the raw 
material, the recovery of the pure fat and the concentration 
of the glue liquor, is performed at one time and in the same 
apparatus. To this end the pipe d — as can be seen in Fig. 
33 — through which the liquid flows from the vessel A to B, 




Fig. 33. Apparatus for Recovering Fat and Glue from Animal Residues. 

is provided with a fairly wide aperture i at the upper end, 
whilst the lower end reaches nearly down to the bottom 
of the vessel. On opening the valve e, the mixed Hquid 
and vapour pass over from A into B, and the vapour is con- 
ducted away through i and the pipe h to the condenser C, 
whilst the liquid portion runs quietly down the pipe d and 
separates at the bottom of the vessel into fat and glue liquor, 
without, as hitherto, being mixed up together and heated by 
the current of steam. 

The separation of the steam can also be effected in 
another way. Thus, for example, the pipe d is diverted side- 
ways into a boiler, in the lid of which is placed a wide, open 
pipe, whilst from the lower part of the pan the pipe d ex- 
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tends nearly to the bottom of the vessel. The mixture of 
steam and liquid flowing in tangentially through the pipe d 
streams along the walls of the pan, whereby the steam is 
separated from the liquid, the latter flowing downwards 
through a pipe d, whilst the steam escapes through an up- 
cast pipe I and passes thence through the pipe h to the con- 
denser C. In the completed form a plate is provided, against 
which the mixture of steam and hquid, entering laterally 
through d, impinges, and is separated into these components, 
the liquid running down through a pipe, whilst the steam 
passes round the plate and escapes upwards through the 
aperture. The same separation can, of course, also be effected 
by other means. After the complete separation of the fat 
from the glue liquor has been accomplished in the lower 
part of the vessel B, the former is drawn off through the tap 
/, and the residual glue liquor concentrated in B itself. To 
this end a heating apparatus, e.g., a steam jacket, is placed at 
the lower extremity of the vessel B, and by this means the 
glue liquor is raised to boiling-point and thoroughly concen- 
trated. The vapours thereby expelled pass through the pipe 
h to the condenser C, where they are completely thrown 
down, the concentration being in this manner effected en- 
tirely without smell. The nitrogenous dry matter in the 
glue liquor is left as a residue and may be removed by a 
suitable opening provided in the vessel B. 

This new apparatus consequently offers the great advan- 
tage that the steaming process in A is in nowise influenced 
by the concentration in B, and both operations can be carried 
on at the same time ; only for that purpose the condenser 
must be of sufi&cient capacity to cope simultaneously with 
the vapours delivered by A and those evolved from the glue 
liquor in B. 

Whereas, in earlier forms of apparatus, the products con- 
sisted of dried bones (or meat), fat and glue liquor, in the 

5 
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present instance they comprise merely fat and the whole of 
the solid substances present in the carcase. By the abolition 
of the easily decomposable glue liquor, an important hygienic 
advantage is, however, gained without the other favourable 
points of the process — especially as regards absence of smell 
— being impaired. 

PEESSES. 

Presses play a merely subordinate part in the recovery 
of animal fats and oils, whilst in the case of vegetable 
substances of this nature they form the chief mechanical 
appliances used. For animal fats they are employed in 
the following instances : — 

1. For expressing the residue from the fat-rendering 
process (greaves : see Greave presses) ; 

2. For pressing tallow to separate it into its solid and 
liquid components ; 

3. For pressing the blubber from marine animals. 
Greave presses are simple spindle presses, but, for the other 

purposes mentioned, hydraulic presses are mostly used, and 
these will now be generally described : — 

The hydraulic press is founded on the principle of the 
uniform transmission of pressure throughout liquids in closed 
vessels, and such presses consist of two separate parts — the 
press proper and the pump. The first is composed of : a press 
plate terminating below in a piston (moving in the movable 
cylinder contained in the lower enclosed portion of the 
machine) ; a head plate ; and (as a rule) four pillars connect- 
ing the press head with the base of the apparatus. In this 
latter is also placed the connecting piece effecting a junction 
between the press cylinder and the pump cylinder. The 
pump is of the plunger type, with two cylinders of unequal 
diameter, the larger becoming automatically disconnected 
when the pressure attains about 20 in., the further pressure 
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required being effected by the smaller cylinder alone. The= 
minimum of pressure varies for each press, and the overstep-- 
ping of the maximum pressure is prevented by the automa-^ 
tic action of a safety valve. The pressure produced by the 
pump is transmitted through the liquid — water, glycerine or 
a mixture of both — and also through the connecting valve and 
the Uquid in the press cylinder, and exerts on the piston of 
the latter a force per unit of space equivalent to the pressure 
per unit produced by the pump (small) piston. As soon as 
the desired pressure is attained the connecting valve is- 
closed, so that the pressure in the press cylinder may not be 
influenced by any leakage in the pump. In order to re- 
duce the pressure a second valve in the connecting gland is 
opened and the liquid returned to the pump chest without 
passing through the cylinder. In this manner the valve of 
the pump is preserved on the one hand, and on the other 
the same liquid is used over and over again, no renewal,^ 
beyond the small amount wasted by leakage, being required.., 

Hydrauhc presses of both vertical and horizontal forn> 
are employed, the former being, however, the kind mostly used 
in tallow-melting works. In those employed for pressing-^ 
fat, a number of press plates of trough or box form are> 
superimposed, so that the lower part of each engages in the : 
upper part of the one next below and presses the material! 
contained therein, the outflowing fat being conducted into a^ 
common channel. For warm pressing, the press plates are^ 
fitted with appliances for steam heating, swivel pipes per- 
mitting the introduction of steam at one side of the cast- or 
wrought-iron plates and the removal of the condensed water 
on the other. Where several hydraulic presses are at work 
in the same room, they can be all fed from the same pump ;. 
but where they are in separate rooms, then working by ac- 
cumulators can be practised with great advantage. 

A hydraulic tub press is shown in front and side view and 
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in section in Figs. 34 and 35. The press consists of the presgp 
cylinder A and the piston B, situated between two pillars on 
^hich the troughs E slide by msans of rings. These troughs 
carry a solid iron plate and are surrounded below by a 
channel d d for collecting the expressed fat. The boxes G 
containing the fat to be treated have double walls and are 
provided with a circular row of apertures at the top of the 





(Front View.) 



Fig. 35. 
Hydraulic Tub Press. 

(Side View and Section.) 



inner wall. These boxes are filled with fat, which may have 
been previously cast in moulds of suitable size, and are 
then covered over with a horse-hair cloth. When the press is 
started the troughs E are pressed into the boxes G, the liquid 
fat runs out of the openings below the upper rim of the 
latter and collects in the channels d. As soon as the opera- 
tion is completed the pressure is removed, whereupon all 
the parts of the apparatus recede into the positions they 
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occupy in the drawing. The boxes G are taken out on to the 
table and replaced by others ready filled with fat, so that the 
time the press is standing idle is reduced to a minimum. 

Among the new forms of hydraulic presses prominence is 
due to those of Brinck & Hiibner of Mannheim, by reason 
of their important advantages, consisting of : — 

1. Quicker and simpler service with greater capacity ; 

2. Abolition of expensive press cloths ; 

3. Production of uniform cakes of fat ; 

4. Great durability without attrition of expensive parts. 
The general construction is as follows : In the press are 

situated four, six, eight or ten wrought-iron or steel rings, 
one above another, and each fitted with a finely perforated 
steel bottom. Between each pair of rings is placed a cast- 
iron or cast-steel press plate, convex on the upper surface 
but flat on the under face. On these plates, which are 
guided by the pillars of the press, rails are afi&xed for carry- 
ing the press rings, and on these the latter slide when being 
placed in, or removed from, the press; and, in addition, 
each press plate is provided with a large encircling channel 
to catch the expressed liquid fat. The presses are filled by 
simply laying over the perforated steel bottom of each ring a 
horse-hair, wool or felt cloth, covering this with the fat to be 
pressed, and the latter, again, with a second similar cloth. 
When all the rings are full the pressure is turned on and 
the fluted upper face of each plate forces its way up into the 
ring next above, the liquid fat running out through the horse- 
hair cloth, the perforated steel plate and the grooves in the 
press plate, into the channel. 

When the fat is caused to flow uniformly from the entire 
surface of the cake it has only a thin layer to traverse, and 
thus runs away rapidly and yields a thoroughly uniform 
press cake. In pressing particularly heavy cakes the rings 
become too heavy to be lifted out, so on this account the 
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3)resses are fitted with two lateral frameworks and a double 
^et of rings, and as soon as one set of rings containing the 




Fig. 36. Brinck & Hiibner's Hydraulic Ring Press. 

pressed fat is drawn out on to the side frame to be emptied 
and refilled, the other (filled) set is pushed into position from 
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the other side frame, so that the operation is simple and goes 
on without interruption. 




Fig. 37. Brinck & Httbner's Hydraulic Box Press. 

By making suitable boxes in place of the rings the cakes 
can be made in square or trapezoid form of suitable size. 
All presses are provided with appliances for heating each 
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part with steam or hot water, and, as each mould rests 
between two heated plates, the temperature is uniform and 
results are attained that no other system of pressing can 
yield. The presses are constructed for pressures of 300 
atmospheres and over, and the cylinders, pillars and nuts 
are of cast steel. 

When it is a question of pressing fat without heat. 




Fig. 38. Hydraulic Margarine Press. 

simple presses without boxes, rings or tubs are used ; such 
a press being shown in Fig. 38. The fat is packed in sacks 
and trimmed on the plate of the press, and when the loading 
is completed pressure is applied, whereupon the fat runs out 
and is caught in a suitable manner. The pressing of blubber 
is generally effected in very primitive presses worked by 
levers. Of course a quantity of the product is lost, but Eose, 
Downs & Thompson of Hull have constructed a screw 
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press for fish oil highly suitable for this purpose (Fig. 39), 
only moderate pressure being required. The shaft carrying 
the screw spindle is fitted at either end with fast and loose 
driving pulleys, that on the one end being driven by a 
straight and the other by a crossed belt, so that the plates 
of the press can be raised or lowered by steam power, and also, 
when necessary, stopped at once. The actual press is placed 




Fig. 39. Fish Oil Screw Press (Rose, Downs & Thompson). 

within a steam-jacketed chamber, the outer walls being of 
wrought iron strong enough to stand the pressure, whilst a 
door of similar construction and also heated by steam forms 
a secure and hermetical seal' during the time the press is at 
work. The charge is packed in sacks and laid between metal 
press plates. The press can also be constructed to work 
with hydraulic pressure, and for certain purposes the jacket- 
ing chamber is omitted. 
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FiLTEEiNG Apparatus. 

The animal fats do not require such a thorough-going 
purification as vegetable products of the same class. For 
one thing the animal fats are generally solid and there- 
fore have to be brought into the liquid condition before they 
can be purified or filtered ; and, on the other hand, they are 
mostly put to technical uses, whereby they sustain a certain 
amount of alteration, e.g., saponification or melting, which 
purifies them. The fats destined for alimental purposes are 




Fig. 40. Filter Press Worked by Power (Rose, Downs & Thompson). 

prepared by repeated pressings, and since — unlike the vege- 
table fats — none of the solid and extraneous matters in the 
animal fat escape through the press cloths, a further puri- 
fication appears superfluous. 

As a matter of fact, it is only the liquid fats of the ani- 
mal kingdom, the fish oils, that are purified by filtration 
when required for alimental or better-class technical pur- 
poses. The reader is therefore referred for information on 
the subject of filtering apparatus to the author's work on 
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Vegetable Fats and Oils, and on the present occasion men- 
tion will be made of only a single appliance, viz., a 

Filter Press for Liquid Animal Fats (Fish Oils). 

Fig. 40 depicts a filter press particularly suitable for 
filtering fish oils, and capable (with thirty-six compartments) 
of treating twenty tons of oil with ease ; moreover, the press 
can be worked every day for a week at a time without re- 
quiring cleaning. As soon as the separate divisions have 
been fitted with the filter cloths and the screw tightened 
up the machine is ready for work. The material to be 
filtered can be fed direct and the filtrate removed by pumping. 
The press is self-contained, requires no setting and can be 
easily fitted up, all that is required to make it ready for 
work being connection with a source of power, direct or 
tiirough intermediate shafting. 

ANIMAL FATS AND OILS: 

KAW MATERIALS, PREPARATION, PROPERTIES AND USES. 

Alligator Oil and Crocodile Oil (Alligatorol, 
Krokodilol). 

Baw Material — The amphibia known as alligators or 
crocodiles — that is to say, the fat contained in their flesh. 

Preparation. — No particulars are obtainable, but pro- 
bably by melting like tallow. 

Properties. — Alligator oil is of the consistency of oint- 
ment, semi-fluid, reddish in colour, with a sp. gr. of 0928, 
and contains 32 per cent, of margarine and stearine, 1*5 per 
cent, of free oleic acid, 60 per cent, of olein and 0*02 per cent, 
of iodine. 

Crocodile oil is of a reddish colour, but more liquid than 
alligator oil. A mixture of both is met with in commerce. 

Uses. — Both kinds are technically employed in tanning. 
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Butter. 



Baw Material, — Cow's milk, as being the richest in fat of 
the secretions of all mammals. 

Preparation, — Milk contains a fat — butter — which is pre- 
cipitated when the milk is exposed to strong and continuous 
agitation. The phenomena have been explained by Soxhlet 
as follows : The fat forms along with the other constituents 
of the milk a perfect emulsion of small drops of very different 
sizes. In this condition the fat is endowed with the property 
of remaining liquid at temperatures whereat the butter ob- 
tained from same would be solid. This pecuHarity results 
from the superficial tension proceeding from the extremely 
thin layer of serum (also known as the serum envelope) lying 
within the sphere of attraction of the globules. In the same 
way as molten masses in general can be made to congeal by 
vibration, so in the manufacture of butter a few drops are 
first made to solidify by mechanical concussion and increase 
in size by contact with liquid fat. The larger congealed 
fat drops thus produced attach themselves by impact to 
others, and so, finally, the greater part of the fat becomes 
collected into small mulberry-like adherent masses separable 
from the other constituents of the milk by skimming. 
Therefore, in the process of butter-making, the fat drops, on 
the one hand, are congealed, and, on the other, the solidified 
particles are united to a coherent mass. 

In point of chemical composition milk is a highly com- 
plex substance. The following constituents occur (though 
in quantities varying between certain limits) in all sound 
milk : casein, albumin, fat (butter), lactose (milk sugar) ^ 
salts, extractive matter and water. The proportions vary,, 
even in one and the same animal, according to the mode of 
feeding, age of the individual, etc., within certain limits, so 
that a universally applicable analysis of milk cannot be given. 
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The subjoined figures are, however, the mean of a large 
number of analyses : — 

Average 
Cow's Milk. Percentage. • Limits of Variation. 

Water 87*5 

Solid (dry) matter - - - 12-5 
Containing :— 

Fat (butter) 3-4 

Casein 3*2 

Albumin 0*6 

Lacto-protein . . - . 0*1 

Milk sugar ----- 4*5 

Ash 0-7 

The greatest care and cleanliness are essential in the 
preparation of butter, by reason of its extreme liability to 
absorb extraneous flavours and odours, and the best fresh 
milk immediately undergoes an unfavourable alteration under 
the influence of even very small quantities of fermentative 
spoiled milk. For this reason storage chambers for milk 
have to be selected with great care, and attention devoted to 
keeping them scrupulously clean. 

Very widety divergent methods are employed for pre- 
paring butter from milk. In one the milk is divided into 
two portions : — 

1. A cream very rich in fat, this being taken for churn- 
ing ; whilst 

2. The second portion (poor in fat), the skimmed, blue 
thin milk, is put to another use, or the entire milk is churned. 

In separating the cream from the milk three different 
methods are practised : — 

1. The milk is left to itself as a layer, some 4 in. deep, in 
shallow pans (shallow setting) until the cream collects as a 
consistent mass on the surface. 

2. The milk is set in high vessels, 16 to 20 in. in height 
(deep setting, or Schwartz process), and kept at a tempera- 
ture of 2° to 4° C. 
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3. The milk is separated almost instantaneously in special 
centrifugal machines (milk separators) into skim milk and 
cream. 

The first method is the oldest, and is still practised in- 
many dairies. The vessels employed are either of wood, well- 
fired stoneware, enamelled cast iron or pressed tinplate. 
When the cream has finished rising it is skimmed off with 
a flat spoon or separated from the skim milk by means of 
special appliances. In small dairies basins are often used 
from which the skim milk can be poured away direct, the 
cream being retained by a cream catcher. When kept for 
some time, or when the cream is a long while in rising, the 
products — skim milk and cream — arrive at the initial stages 
of acid fermentation. 

With regard to No. 2, this method presents the advan- 
tages of keeping the products sweet, requiring fewer vessels,, 
occupying less room, and being independent of the state of 
the weather. On the other hand, the cream is thinner and 
more bulky; consequently the yield of butter milk is increased. 

No. 3. In " separating *' milk the liquid, enclosed in a 
rapidly revolving drum, is, by the action of centrifugal force, 
divided in such a manner that the specifically heavier milk 
is impelled against the outer walls, whilst the specifically 
lighter cream is forced towards the centre. This process 
enables the work to be carried on uninterruptedly and pro- 
duces none but sweet cream. Among the various types of 
cream separators that of Laval has proved the best in prac- 
tice. In this apparatus the fresh milk runs continuously in,, 
whilst the cream and the skim milk leave the machine by 
two separate outlets, these products being obtained in such 
a condition that the cream, may be either sold as a luxury 
of diet or worked up -into butter, whilst the residual milk 
makes an excellent cheap food. The separator consists of 
an oval hollow vessel A, of best Bessemer cast steel, and 
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holding about IJ galls., which is encased in a cast-iron 
housing and rests on the spindle K. This latter stands 
loosely in a wood bearing in a depression in the pivot A, 
which is driven by the small band pulley and intermediate 
gear at such a rate that it makes 6000 turns a minute, 
whereby the spindle and the receiver are carried round by 
adhesion. The central supply pipe a, with two lateral 
delivery tubes, is screwed in the bottom of A, and over this is 
slipped the tube / (leaving an annular space of about ^ in.), 




Fig. 41. The De Laval Separator. (Elevation.) 

the lower end of which is fastened to a ring which forms the 
bottom of the small chamber c ; and over / again is placed 
the tube d, which expands below into a cup-shaped cover 
forming the upper part of the chamber c, the whole being 
joined to A by four screws. From the bottom of c projects 
the bent open tube 6, reaching to the inner periphery of A. 
If now the milk be admitted through a into the receiver, 
which is running at full speed, it is forced with great power 
against the walls, the time required to fill A sufficing for the 
separation of the milk into its constituents, of which the 
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specifically lighter cream collects around the central supply 
pipe and is driven upwards as the supply proceeds into the 
narrow annular space between a and / and to the chamber 
c, whence it runs away through a pipe. The thin milk rises 
up through b into the small chamber c and thence through 
the opening between d and /into the chamber B, whence it 
escapes through a discharge pipe. 

The Bechtolsheim ** Alpha *' separator, driven by power, 
will treat up to 460 galls, of milk per hour, leaving only 
about 0*2 to 0*3 per cent, of fat in the skim ; sinaller machines 




Fig. 42. The De Laval Separator. (Section.) 

are also made for hand driving, to separate 15 to 60 galls, 
per hour. 

In Fesca's centrifugal machine the operation is not con- 
tinuous. The milk enters through the funnel a into a 
roomy cylinder A running at high speed, whereby the cream 
is forced, in the direction indicated by the arrows, towards the 
centre, where it is retained by the cylinder 6, whilst the thin 
milk runs away from the periphery of A through openings 
in the bottom, and, entering the jacket space B, is run oflf 
through the pipe C. At the end of about an hour the liquid 



Digitized by 



Google 



ANIMAL FATS AND OILS. 



81 



escaping from C is not merely thin milk, but milk that is 
only slightly separated, owing to the chamber b being full of 
cream. When this is observed the driving belt c is slipped on 
to the loose pulley and the drum is allowed to empty itself. 
As the centrifugal force decreases the cream runs out into 
the jacket space and is caught in a separate vessel at C. 
When it is all out the operation can be re-commenced. 

The separation of the cream is effected more readily at 
somewhat higher temperatures than it is in the cold, so that it 




Fig. 43. Fesca's Centrifuge. 

is advisable to either put the milk through directly it comes 
from the cow or else to warm it up to blood heat. On the 
other hand, the keeping qualities of the butter improve in 
proportion as the milk after milking, or the cream after sepa- 
rating, is brought down to the desired low temperature, for 
which purpose special coolers are. used, consisting of a cool- 
ing chamber for the liquid, surrounded by one or two series 
of tubes through which cold water is continuously flowing. 
The product is drawn off after a certain time into a vessel 

underneath. 

6 
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As we have already seen, sweet or sour cream is obtained 
as the raw material for butter-making, according to the 
system pursued. There is no difference in the yield of 
butter whether the cream be sweet or sour, but there is 
in point of flavour, sweet cream yielding a sweet, nutty- 
flavoured butter, whilst that from sour cream has a sour and 
(when the cream has been kept long) even a rancid tasfee. 
The cream temperature for butter-making should be about 
15° C. in summer and 20° C. in winter. The principle of 
the process has already been discussed. It is necessary to 
subject the cream to powerful and uniform agitation, the 
regulation of which constitutes the aim of a large number of 
appliances, and as every year sees the introduction of new 
ones, it is impossible to refer to them all. 

The types of construction may be divided into classes, 
according as the butter is produced by — 

1. Beating (dashing), 

2. Stirring, 

3. Shaking. 

As to which is the best the opinions of butter-makers widely 
diverge. So far as the constitution of the butter itself is con- 
cerned, it is immaterial which method is pursued, the only 
question being that of forming the butter in the shortest 
possible time and in the highest degree of purity. 

Among the appliances may be mentioned : The percussion 
churn (farmer's churn) is the oldest but least recommendable, 
by reason of the great expenditure of force required ; Le- 
feldt's rotary barrel churn ; Davis' rocking churn ; the roller 
churn; the Holstein barrel churn, etc.^ Among those suit- 
able for work on a large scale Kennes' butter machine should 
be mentioned ; this belongs to the type of percussion and 
dasher churns. 

1 Translator's Note. — There are many makers of these different styles of 
chums, those above being evidently intended by the author as typical examples. 
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The milk is placed in a box J so arranged that there is no 
difficulty in running in the cream and removing the butter, 
both being effected through the flap K. The buttermilk 
is drawn off through an opening at the bottom of the 
vessel, generally kept closed by means of a ball valve. The 
beating of the milk is accomplished by a pair of dashers P P 
alternately raised and lowered by eccentric gearing. A disc 
A with grooved rim rotates on a fixed axis and carries the 
two ropes c c, which are also connected with the rods T T 




Fig. 44. Rennes' Butter Machine. 

attached to the dashers P P. A also carries an iron arm. 
connected with the fly wheel G at F by a rod E, the pin F,. 
forming at the same time the crank of the fly wheel. The- 
distance from the centre of the guide disc to the point of 
attachment of the connecting rod with the iron arm being 
greater than the radius of F, A can therefore merely rotate 
through an arc the radius of which is double that of F, while 
F makes a complete turn. The arm is rigidly attached to 
the disc and therefore the latter can only make an alter- 
nating semicircular movement, during which the points at 



Digitized by 



Google 



84 



ANIMAL FATS AND OILS. 



which the ropes c c are attached have a similar motion, ix.y, 
a semicircle, whereby the attached rods T T are caused to 
rise and fall alternately. These rods move vertically through 
suitable apertures in the cover of the box J, and since the 
ropes c c are placed exactly opposite one another the one rod 
T begins to rise at the same instant that the other rod com- 
mences its descent. A perforated partition N is placed 
between the dashers P P, and, finally, the cream chamber 
J is surrounded by a vat which can be filled with hot or 
cold water as desired. 




Fig. 46. Brochardt's Butter Machine. 

Brochardt's butter machine (Fig. 45) belongs to the class 
wherein the separation of the butter is effected by the stir- 
ring produced by the vertical rotation of an axis. This 
machine consists of driving gear K, which, by means of 
wheels I and J, sets a shaft B in rapid motion. B carries a 
series of vertical dashers and also a pipe d connected with a 
toothed wheel H, which in turn is in connection with the 
wheel I. At the lower end of the tube d are fixed a num- 
ber of horizontal rods F forming the spokes of a wheel, and 
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a similar wheel is situated below and is connected with 
the upper one by the vertical dashers G. The shaft c, which 
is attached to the box of the lower wheel, is supported in a 
bearing in the bottom of the churn. There are thus in the 
machine two systems of dashers (G, C), both of them 
movable, though in opposite directions. This opposite 
motion, produced by the force acting on the two cone wheels 
H and I from the wheel J, causes, as can readily be under- 
stood, a very brisk movement of the cream in the chum, and 
quickly effects the separation of the butter. 

The proposals that have been made for admitting air^ 
or for adding acids or alkalis to the cream in the butter- 
making, in order to facilitate the- rapid separation of the fat^ 
have proved unsuitable. 

The butter produced by one or other of these mechanical' 
processes contains a large proportion (16 to 22 per cent.) of 
enclosed buttermilk, which causes the butter to quickly 
become rancid, unless thoroughly worked out. This butter- 
milk contains, when sweet cream has been used, both milk- 
sugar and casein in solution ; or, when the cream was sour, 
solid casein, in addition to dissolved lactic acid. All these 
substances are readily decomposable, the milk-sugar being 
converted into lactic acid by the lactic ferments present, and 
then causing the casein to curdle. On this account the 
cavities in butter prepared from sweet cream and not further 
purified very soon exhibit small lumps of curd together with 
a liquid tasting strongly of lactic acid. 

After a short time, particularly in summer, the lactic 
acid is converted into the evil-smelling butyric acid, whereby 
the butter assumes a repellent taste and smell. When the 
butter has been made from sour cream, then lactic acid will 
be present ready-formed in the fresh butter, and the decom- 
position of this acid into butyric acid will occur much 
sooner than in the case of sweet-cream butter. The decom- 
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position, once set up, extends also to the fat, and the butter 
will very soon assume a disagreeable, irritating taste and 
cheesy smell, which render it unfit either for eating or cook- 
ing purposes. Butter that has undergone such alteration 
can only again be rendered suitable for cooking by a care- 
fully performed re-melting. 

It is therefore essential to remove the buttermilk in order 
that the butter may keep and taste well, and the more com- 
pletely this is effected the more successfully will that object 
be attained. As has been shown by experiments (particu- 
larly on a small scale) wherein the butter was carefully freed 
from the adherent buttermilk, such really pure butter is 
surprisingly stable, in so far as it is kept at a temperature 
not exceeding 15°-16" C, the pure fat being much less 
liable to decompose than that in contact with the butter- 
milk. In order to get rid of the latter the butter must be 
carefully washed with cold water, care being taken at the 
same time that the butter is in a condition as finely divided 
as possible, and that all the particles thereof come into con- 
tact with the continually renewed water employed. 

Working the butter by hand is insufficient for large dairies, 
and therefore special machines have been made in which 
the butter is worked, either between grooved rollers or on a 
table, by a kneading roller, driven by hand or power. As a 
rule, eight or ten kneadings are sufficient to work out all the 
buttermilk, and all that then remains is to make the butter 
up into the form in which it is to be sold. 

In winter time, and when the cows are fed largely on 
straw and sloppy fodder, the butter is very pale in colour, 
and attempts are made to remedy this by using butter 
colouring. At present general use is made for this purpose 
of arnatto (dissolved in hemp-seed oil or linseed oil), butter 
yellow or, in small dairies, even carrot juice, the butter being 
either mixed and kneaded up with the colouring or else the 
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latter is added to the cream before churning, this last 
named plan resulting in a more uniform distribution of 
the colour. 

The Bergedorfer cremometer (De Hardt's patent) is based 
on the separation of cream by centrifugal force. This ap- 
paratus is adapted for separator work, especially the Laval 




Fig. 46. Bergedorfer Cremometer. 

machine, and consists of : (1) a steel disc a (Fig. 46) to fit 
the separator, and containing (in a hoUowed-out receptacle) 
a number of lateral borings for holding the test tubes ; 
(2) forty-eight test tubes h with metal fittings together with 
a case for holding same ; (3) a tin measure c for filling the 
tubes ; (4) a needle A for regulating the amount of milk in the 
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tubes ; (5) a scale e for reading oflf the percentage of cream ; 
(6) a cover / with steam pipe for warming the disc a ; (7) a 
handle g for lifting the disc out of the stand. 

The apparatus is worked in the following manner : The 
milk to be tested is thoroughly mixed by agitation and pour- 
ing from one vessel to another, to ensure uniformity of sample, 
and is then, by means of the tin measure, poured into the 
metal receptacles forming the lower portion of the test tubes b. 
The tubes are then pressed into the receptacles, whereby the 
milk rises in the glass portion and the excess escapes through 
a small aperture at the top, through which aperture the 
needle d is inserted to adjust the quantity of milk in such a 
manner that none of the contents will afterwards escape as 
a result of expansion on heating. 

The tubes are next placed in the borings in the disc a, 
which rests in the separator stand and has in the mean- 
time been warmed up to 40° C. (maximum, 50° C.) by steam 
introduced by means of a rubber tube inserted through a 
corresponding hole in the lid, the cavity in the disc being also 
half filled with warm water for the same purpose. In fitting 
up the disc with the samples care must be taken to arrange 
the tubes symmetrically, in order that equilibrium may be 
maintained during the succeeding operation. Forty-eight 
samples may be treated at a time, the disc being kept in 
motion for twenty minutes at the ordinary speed of the 
separator, viz,, 6500 turns per minute. As soon as the 
disc comes to a standstill the test tubes are taken out 
and the height of the sharply defined column of cream 
ascertained by applying the graduated scale, the markings 
on which correspond to ] per cent, of cream and are 
further subdivided to record \ and yV of ^ P^^ cent., 
yV of 1 per cent, being easily read oflf after a little prac- 
tice. 

It is not absolutely essential to read oflf the percentage of 
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cream at once, as this can be done with equal accuracy even 
some twenty-four hours later. The glass tubes are cleaned 
in a simple manner by filling the metal portion with warm 
water and pressing home the upper part, whereby the water 
is driven through the tube. The metal part and the bore 
holes are cleaned out by means of suitable brushes. 

Properties. 

The colour of butter varies considerably and ranges from 
a very pale to a fine deep yellow, winter butter being gener- 
ally the palest, whilst summer butter is more highly coloured, 
this characteristic greatly depending on the composition of 
the fodder. The consistency is to an uncommon degree in- 
fluenced by the prevalent atmospheric temperature, so that 
one and the same butter is fluid in summer and hard and 
solid in winter. Taste and odour should be agreeable and 
purely butter-like. 

Spedfic Gravity at 16° C. : 0936 to 0943 (Hagen), 0-9276 
(Winter-Blyth), 0*926 (Casamajor) ; at 37*8° C. : 0-911 to 
0-913 (Bell) ; at 100° C. (water at 15° C. = 1): 0865 to 0-868 
(Konig) ; at 100° C. (water at 100° C. = 1) : 0*901 to 904 
(Wolkenhaar). 

M dting- Point. —iV to 31-5° C. 

SeMing-Point.— 19° to 20° C. (Wimmel). 

Melting-Point of the Fatty Acids. — 38° C. 

Setting-Point of the Fatty Acids,— 35'8^ C. (Hiibl), 37-6' 
to 38° C. (Paris Laboratory). 

Hehner Number. — 87 '5. 

Saponification Value. — 227. 

Reichert Number. — 14*00. 

Iodine Number.— 26'0 to 35-1 (Hiibl), 32-0 to 380 ; very 
old butter : 19*5 (Moore). 

Unmelted unsalted butter contains under normal con- 
ditions, according to Konig : — 
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Fat 87-0 per cent. 

Casein 0*6 „ 

Milk-sugar 0*5 „ 

Salts 0-3 „ 

Water 11-7 

The composition, however, varies considerably, in that 
on the one hand the fat may amount to 95 per cent., 
whilst on the other the water may form as much as 35 
per cent. 

In consequence of its content of water and casein, butter 
quickly turns rancid. Attempts are often made to combat 
this rancidity by kneading the butter with 3 or 4 per cent, 
of common salt after thorough washing. According to 
Benedikt the same end may be better attained by keeping 
the butter in a melted condition until it has thoroughly 
clarified and then separating it from the precipitated water 
and casein. Milk fat treated in this way is, however, no 
longer saleable as butter, and also lacks the characteristic 
flavour of this article. 

Apart from traces of colouring matter, lecithin, choles- 
terin, etc., pure butter fat consists solely of the tri-glycerides 
of the fatty acids. Up to the present, acetic acid, butyric acid, 
caproic acid, caprylic acid, capric acid, lauric acid, myristic 
acid, palmitic acid, stearic acid, arachic acid and oleic acid 
have been isolated therefrom. An unusually high percentage 
of glycerides of the volatile fatty acids is specially character- 
istic of butter, but the bulk is composed of stearine, palmitin 
(classed both together as margarine) and olein. 

The composition of butter is : — 

(According to Schaedler) 

Margarine 66 per cent. 

Olein 28 ,, 

Butyrin 6 ,, 

(Accordifig to Winter-Blyth) 

Stearine and plamitin . . . . 50-0 per cent. 

Olein 42-2 

Butyrin 7*7 „ 

Caprin, caproylin 0-1 „ 
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It may be calculated approximately as follows : — 
When the Hehner number of a butter is found to be 87*5 
and the average molecular weight of the insoluble fatty 
acids 270, then the sample contains 91*65 per cent, of glyce- 
rides of the non-volatile fatty acids — olein, palmitin and 
stearine. 

If the iodine number be 30*1, it follows that the olein 
•content is 85*96 per cent. ; therefore such a butter — the 
glycerides of the volatile fatty acids being calculated by 
difference — contains : — 

Margarine 55-69 per cent. 

Olein 35-96 

Butyrin, caproin, etc. - - - - 8-35 „ 



100-00 per cent. 

An indication of the nature of the volatile fatty acids is 
afforded by the Eeichert number. According to Meissl, the 
iatty acids distilled from 8 grms. of butter require, on an 
average, 28*48 c.c. of yV^^rmal alkali for their saturation ; 
consequently, the fatty acids from 100 grms. of butter re- 
quire 57*56 c.c. of i-normal alkali. This corresponds to 
0*729 parts of glycerine radicle (C3 Hg), which, deducted from 
^*35, leaves 7*62 parts as the volatile fatty acids obtainable 
from 100 parts of butter. Therefore, 7*62 parts of volatile 
fatty acids require 57*56 c.c. of normal alkah for their satu- 
ration, and consequently their average molecular weight is 
about 139. The molecular weight of butyric acid is, how- 
ever, 88, that of caproic acid is 116, of caprylic acid 144, and 
of capric acid 172. Consequently, Winter-Blyth's statement 
that butter fat contains 7*7 per cent, of butyrin and only 0*1 
per cent, of glycerides of other volatile fatty acids requires 
correction, in that the percentage of caproin, caprylin and 
<5aprin is much higher. 

As revealed by the microscope, fresh cow's butter con- 
sists of perfectly spherical transparent fat globules. Hassall 
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found crystals in older butter, these being, according to 
Mylius, best detected when the fat is examined under the 
polariser with crossed Nicol prisms, the crystals alone being 
then illuminated, whilst the rest of the field is in darkness. 

On prolonged exposure to the air, butter assumes the 
smell of tallow and becomes white. The setting of butter 
after melting does not progress uniformly, but a kind of 
crystallisation occurs. The portions nearest to the walls of 
the vessel are the first to crystallise, and they differ in com- 
position from those remaining longer liquid in the interior of 
the mass. Sometimes this separation proceeds so far that 
an oil (** butter oil ") is obtained, which can also be isolated 
by allowing the melted butter to set at 20° C. and then sub- 
jecting it to pressure. 

Adulterations of Butter. 

The additions made to butter are of a very divergent- 
nature. 

The coarser forms of adulteration consist of clay, chalk, 
gypsum, starch, meal, potato starch, ground white cheese, 
etc. Borax, water-glass and alum are sometimes added to 
preserve the butter and increase the weight by attracting 
the largest possible amount of water. 

To impart a yellow coloration, small quantities of arnatto,. 
saffron, curcuma, azo dyes, etc., are frequently added. 

The most important adulteration, however, is that of 
added extraneous fats, such as hog fat, tallow, goose fat,, 
cotton stearine, cocoa-nut fat and palm fat worked up with 
oil, and particularly oleomargarine. Though the addition of 
matters not belonging to the fat series can be easily deter- 
mined both qualitatively and quantitatively, the detection of 
extraneous fatty matters in butter was long attended with 
great difficulty, until, finally, suitable methods therefor were 
elaborated by Kottstorfer, Hehner and Keichert. Of these^ 
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however, Eeichert's alone still gives reliable results, since, 
according to Moore, mixtures can be prepared from oleo- 
margarine and cocoa-nut oil to give exactly the same Hehner 
and Kottstorfer numbers as true butter. By means of the 
specific gravity determination and the Eeichert number the 
purity of a butter fat can be decided satisfactorily in almost 
every case. Since, however, it is not impossible that the 
manufacturers of artificial butter may also succeed in pre- 
paring products with the correct Eeichert number, it may 
be that other tests will have to be again resorted to in ad- 
dition to Eeichert's method. For this reason these, along 
with a few older methods of testing butter, are subjoined. 

Beef Lard or Ee-Melted Butter. 

Butter, as is well known, easily turns rancid if not care- 
fully kept, and such butter is, therefore, frequently converted 
by a careful re-melting into ** beef lard " for culinary pur- 
poses. When butter is carefully melted by itself over a fire, 
a froth, mainly consisting of unremoved casein, collects on 
the surface of the liquid ; but the solution of milk-sugar in 
water, present in the butter as a result of insuflScient wash- 
ing, is, however, not so easily removable, and remains in the 
butter. In practice it is generally considered sufl&cient to 
skim off the froth from the liquefied butter, so long as any 
forms, and to then fill the butter direct into wooden tubs, 
where it is left to set. 

When the melting is carelessly performed and the tem- 
perature allowed to rise a little, this results directly in the 
development in the liquefied butter of an irritating, un- 
pleasant taste, due to the formation of certain decomposition 
products. Therefore, as butter is an expensive product, 
it is advisable to proceed carefully in melting, so as to pre- 
serve the quality, the increased expenditure of labour being 
amply compensated by the improved results. 
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The best plan is to place the butter to be treated in a. 
shallow vessel of thin, well-tinned sheet iron, this being set 
in another which is filled with water, and to which heat can 
be applied. Butter being, like all fats, a bad conductor of 
heat, melting would take a long time unless facilitated by 
stirring. So long as any of the butter remains unmelted, 
the water in the outer vessel may be kept on the boil, but as 
soon as the whole is liquefied the temperature is lowered 
until the butter is just fluid, and in this state it is left in 
repose for several hours without stirring. 

Whilst in this condition of repose the particles of casein 
rise to the surface completely, and the aqueous liquid ad- 
mixed with the butter subsides to the bottom, leaving the 
butter clear and transparent. Skimming is now practised, 
the most suitable method being to remove the uppermost 
layer by a skimming spoon and pour it on to a cloth of close 
texture spread out in a hair sieve, whereupon the fat runs 
away through the cloth, leaving behind the particles of 
casein. Only when the surface of the butter has been 
cleared of every particle of froth is the removal of the fat 
proceeded with, and is then continued until only about an 
inch deep of fat is left in the vessel, the residual portion 
being allowed to solidify, in which condition it can readily 
be separated from the underlying layer of water. 

The product (** beef lard") thus obtained is a perfectly 
pure butter fat, without the slightest trace of rancid or em- 
pyreumatic flavour, and it is much better to prepare butter 
for cooking purposes in this way than to run the risk of its 
turning rancid. 

A small sample of the " beef lard " taken from the setting 
vessel should be of a pure yellow colour and very translucent, 
a condition which can be attained by allowing the butter 
to cool only very slowly, i.e., at a suitable and gradually 
decreasing temperature, so that the fat can crystallise uni- 
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formly. Usually the colour of the product is somewhat 
duller than that of the original butter. 

Testing Butteb. 

Benedikt prescribes the following methods for the test- 
ing of butter fat : — 

Organoleptic Beaction. — Hager steeps a cotton wick in 
the fat, previously clarified by warming, and lights it for two 
minutes. In the case of pure butter a smell of burnt butter 
is perceptible but with oleomargarine the smell is that of 
acrolein. 

Specific Gravity. — Bell determines the sp. gr. of the 
sample at 37*8° C. ( = 100° F.), at which temperature the sp. 
gr. of butter is 0*911 to 0*913, and that of oleomargarine and 
other fats 09028 to 09046. 

Konig performs the estimation at 100°C. and finds for 
pure butter 0'866 to 0*868, or for adulterated samples 0*859 
to 0*865. 

According to Adolf Mayer, who works with the ordinary 
areometer, at 100° C. (or, more correctlj^ at the temperature 
of boiling water), and thereby obtains figures of merely re- 
lative, not absolute, value, the state of the barometer must 
be taken into account, since a difference of 2 mm. in the 
barometer reading causes the sp. gr. to vary by 0*0001, so 
that the frequently occurring differences of 40 mm. of pressure 
vnll cause a discrepancy of 0*002, whilst the total difference in 
sp. gr. between natural and artificial butters amounts to only 
0*007. 

Casamajor employs the Hager method. The fat is melted 
in a spoon and one drop is introduced into 56*5 per cent, 
alcohol, the sp. gr. of which is exactly midway between 
butter (0*926 corresponding to 53*7 per cent, alcohol) and 
oleomargarine (0*915 = 592 per cent, alcohol) at 15° C. 
Should an air bubble adhere to the drop of fat it is detached 
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by the aid of blotting paper. If the drop does not sink a 
slight concussion will cause it to do so if heavier than the 
liquid. Butter sinks to the bottom, whilst oleomargarine 
floats. If a drop of the melted sample be poured on to the 
spirit, warmed to 30° C, it will set, if butter, whereas oleo- 
margarine remains liquid, although both float. On reducing 
the temperature to 15° C. the latter fat solidifies as well, and 
butter sinks. A *' butter " that will not sink in 55 per cent, 
alcohol is oleomargarine with at most a third of cow's 
butter. 

According to Moore, adulteration of butter by a mixture 
of oleomargarine and cocoa-nut oil cannot be detected by this 
means, since the sp. gr. of the cocoa-nut oil (0*9167 at 37*7° 
C.) is high enough to raise the sp. gr. of the mixture to that 
of butter (0-911 at 37*7° C). 

Emulsifiability . — According to Adolf Mayer, butter ex- 
hibits a greater capacity for forming emulsions than any of 
the fats employed to adulterate it, because the latter have 
been melted in the purifjdng process. He therefore sought 
to establish on this basis a simple method of testing, which, 
however, cannot be regarded as perfectly reliable. 

Solubility. — The following tests for butter are based on 
the different solubilities of butter and its adulterant fats : — 

Hoorn dissolves 1 grm. of the sample in 7 c.c. of petroleum 
spirit and leaves the solution to stand a few hours in tightly 
closed vessels at 10° to 15° C. Butter fat remains dissolved, 
whilst veal fat, tallow and hog's lard separate out. 

Miinzel dissolves 1 grm. of the fat in 12*5 grms. of ab- 
solute alcohol (sp. gr., 0*797) on the water bath, closing the 
tube with a cork pierced to allow the passage of a thermo- 
meter, which reaches down to the bottom of the tube. The 
latter is then removed from the water bath, dried rapidly 
and the temperature at which the fat begins to set noted. 
Miinzel obtained the following results : — 
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Commencement of Solidification. 

Pure Butter - - - .... - 34° C. 
„ +10 per cent, of horse fat - - 37° „ 

>» »» •^^ »> »> »» »» " " *" »i 

n »» ^" >» >» »» »> " " " ,, 

„ 10 „ „ tallow - - . 40° „ 

>» „ 20 „ ., n - - ■ 43° „ 

30 - - - 46° 

„ 10 „ „ hog lard - - - - 38° „ 

» 20 „ „ „ - . . 41° „ 

>> >» 30 ,, „ „ - - - 43 „ 

Margarine butter - - 56° „ 

Butter + 25 per cent, of oleomargarine - - - 40° „ 

„ „50 „ „ „ - . - 48°,, 

Horsley, Balland, Husson and Filsinger have made use 
of the varying solubihty of pure and adulterated butter in 
ether or ethyl alcohol as a test of purity. Crook employed 
carbolic acid as solvent, and his results were confirmed by 
Lenz, with only a slight divergence in the values. Ten grains 
{0'648 grm.) of the filtered fat are dissolved in a gauged 
testing cylinder at about 66° C, shaken up with 1*5 c.c. of 
liquid carbolic acid (containing 373 grms. of crystallised car- 
bolic acid and 56*7 grms. of water) and warmed on the water 
bath until transparent. After standing a while at ordinary 
temperature, one has either a clear solution (butter) or two 
strata separated by a clear line of demarcation (beef, mutton, 
hog fat). The volume of the lower stratum amounts to : — 





Crook. 


Lenz. 


Beef fat 


49-7 per cent. 


— per cent. 


Mutton fat - 


- 44-0 „ 


39-1 


Hog fat 


49-6 


37-0 „ 



After suflScient cooling, more or less deposit is apparent 
in the upper layer. With 5 per cent, of hog fat Lenz could 
no longer detect any separation into two layers, but at the 
end of twenty-four hours a crystalline turbidity, differing 
from that observed in true butter, made its appearance. 

More recently Zeiss' butyro-refractometer has been largely 
used for butter testing, adulterations being rapidly detectable 
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therewith. This instrument, supplied by C. Zeiss of Jena, 
is shown in Fig. 47. A and B are the hot- water jackets 
surrounding the two prisms and facilitating the testing of 
the fats at temperatures above their melting-points. C is a 
hinge on which B turns, D the water feed pipe and E the 




Fig. 47. Zeiss' Butyro-Refractometer. 

outflow pipe. The bayonet catch for the hot- water jacket is 
at F, and G is a pin serving to adjust the object ; H serves 
as a support for A and B, and J is the reflector. 

This instrument is based on the principle that the re- 
fractive powers of the fatty acids afford a means of deter- 
mining their purity. It consists chiefly of a pair of prisms 
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enclosed in a jacketed metal case, which, by the aid of a 
current of water, enables the substance enclosed between 
the two prisms to be kept at a constant — higher or lower — 
temperature. Above the prisms is mounted a telescope with 
a scale, on which the position of the critical line of the sub- 
stance between the prism can be read off direct. According 
to the position and colour of the critical line — red in pure 
butter, otherwise blue — it can at once be determined, by the 
aid of the reduction tables supplied with the instrument, 
whether the butter is natural or artificial. With a little 
practice, twenty to thirty examinations can be made in the 
hour. 

. Woollny obtained the following values for natural butter, 
margarine and mixed butter, expressed in degrees of the 
scale at 25" C. :— 

Natural butter 49'5-54-0 degrees. 

Margarine 58 '6-66 -0 ,, 

Mixed butter - - - . - - 54-0-64-8 

Butter with a refractometer index of 54'0 is always 
an object of suspicion, and should be subjected to further 
examination. 

The complete analysis of butter is performed as follows : — 
1. Estimation of Water. — Five to ten grms. of butter are- 
weighed out into a covered beaker and melted in the air 
oven. When the fat is clear it is filtered (still in the oven)) 
through a tared filter into a tared flask, care being taken to* 
pour through the filter as much of the fat and as little of the.^ 
underlying water as possible. The aqueous residue is then 
evaporated in the beaker at 100° C, and the whole of the re- 
maining substance is placed in the desiccator and weighed,, 
dried, cooled and re-weighed until the weight is constant or 
varies by not more than 1 m.grm. The loss in weight sus- 
tained by the fat — the weight of the beaker being known at 
the outset — gives the amount of water therein. 
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2. Estimation of Fat. — The residue in the beaker is 
loosened as well as possible from the bottom by means of a 
rglass rod and washed with water-free ether on to the 
filter, which has been placed in a funnel in the mouth of the 
iflask holding the bulk of the fat, the beaker and rod being 
ffinsed and the filter and contents washed with ether until 
a, test drop on a watch glass shows that all the fat is re- 
moved. The ether is then distilled off and the fat dried 
in the air oven at 100° C, cooled in a desiccator and 
weighed when cold, the operations being continued until the 
weight is constant. 

3. determination of Ash, — The residue collected on the 
ffilter and the filter itself are carbonised in a platinum cur- 
♦cible at a moderate heat and, after extracting several times 
with distilled water and filtering, calcined thoroughly. The 
titrate is then poured by degrees into the ash in the cooled 
-crucible and the whole dried in the water bath, incinerated 
-with the used filter in the (covered) crucible, cooled and 
weighed, the weight of the two filters being deducted from 
the result. In the case of salted butter, only the total 
amount of the mineral salts can be given, the exact esti- 
mation of the sodium chloride being impossible in the 
presence of the other ash constituents also containing 
chlorides. As, however, butter generally contains no more 
than 0*10 per cent, of ash, the percentage of chlorine can 
only be very small, and the amount of salt used can therefore 
be very approximately determined from the chlorine in the ash. 

4. Estimation of Protein. — Eighty to 100 grms. of butter 
are weighed out and the fat separated completely — after 
evaporating the water — from the other constituents in the 
manner already described in the estimation of moisture and 
fat, the residue, carefully collected on the filter, being used 
for the determination of nitrogen ; the result multiplied by 
7-042 gives the percentage of protein. Bearing in mind, 
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however, that it is doubtful, especially in the case of old 
butter and that from sour cream, whether all the nitrogenous 
bodies belong to the albuminoid group, a little uncertainty 
probably attaches to the figures given for protein. 

6. Estimation of the Soluble Non-Nitrogenous Matter 
(milk-sugar, lactic acid, etc.). — The percentage content 
of water, fat, ash constituents and protein having been pre- 
cisely determined by two satisfactory and concordant analy- 
ses, then the figures thus obtained are added together and 
the total deducted from 100, the remainder being regarded 
as expressing the percentage of non-nitrogenous organic, 
matter. According to observations made in the Kaaden*. 
Laboratory, attempts to estimate this group direct do not 
generally attain the desired object, since in the washing of 
the fat-free residue more or less of the nitrogenous matter 
passes into solution. The figures ascertained for non-nitro- 
genous organic matter by difference are also affected by the 
uncertainty attendant on those for protein. 

As it is desirable, for the purpose of judging the purity of 
a butter, to know the chemical composition of the butter 
ash, the complete ash analysis of unsalted, unwashed, well- 
worked butter is now given ; the ash amounted to 0*1485 

per cent. : — 

Crude Ash. 

Moisture 0*600 per cent.. 

CO2 0-233 ,» 

Carbon 0333 ,„ 

Silica and sand 0*533 ,> 

KjO 19*000 

NaaO 7*683 

CaO - - - - - - - - 22*700 

MgO 3*232 

PA 43*520 

01 2*660 

Iron, H2SO4 and loss * - - - - 0*283 „ 

100-677 per cent. 
From which must be deducted oxygen - 0*577 

100000 per cent. 
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Purified Ash, 



KjO - 
NajO 
CaO - 
MgO- 

CI 



Iron, H2SO4 and loss 
Deduct oxygen - 



19-329 per cent. 

7-214 
23-092 

3-287 
44-273 

2-604 

0-288 



100087 per cent. 
0-087 



100-00 per cent. 




Fig. 48. Killing's Viscosimeter. 

For distinguishing between butter and margarine, and 
also for estimating the content of extraneous fats existing 
in butters, Dr. Killing employs the viscosity test. Since the 
ordinary types of viscosimeter are unsuitable for this pur- 
pose, by reason of their insufficient accuracy and by re- 
quiring excessive quantities of fat, he constructed a special 
viscosimeter wherein these defects w^ere obviated. In this 
apparatus (Fig. 48) eleven samples of margarine of various 
origin and price gave viscosities (the duration of outflow of 
water at 20' C. = 100) ranging between 313-3 and 317-4, 
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whereas in eight natural butters the viscosity varied from 
276*2 to 281*3. The author considers these investigations 
by no means final, the principles underlying the method 
having still to be determined by experience. In any case, 
the method appears advantageous, in that no chemical know- 
ledge is required for its performance. 

The apparatus used by KiUing is constructed as follows : — 

The lower opening of the glass cyhnder C is closed by a 
perforated caoutchouc stopper traversed by a tube K which 
supports a pipette-like vessel G (holding about 50 c.c.) closed 
above by a tap H and tapering off below to an aperture 
about 1 mm. in diameter. The body of G contains a ther- 
mometer T, ground to fit the tubulus. Marks are inscribed 
on the pipette close below and above the bulb, and a third 
about 10 cm. above the upper one. G and E are fitted by 
grinding. The cylinder is closed at the top by two serai- 
circular corks K, one of which carries a thermometer T\ and 
the entire apparatus is supported over a beaker B by the 
clamps of the stand S. 

To standardise the apparatus the two thermometers T 
and T^ are immersed in a beaker of water and compared 
with a normal thermometer at 20° and 40° C, at which 
latter temperature the examination of the butter is per- 
formed. Therefore, if the thermometer T registers 39*5° C. 
when the normal instrument records 40° C, the test must be 
carried out at the former temperature as indicated by T. 
The same applies to T^ and is essential in order that the 
results, which depend greatly on the temperature, may be 
concordant when obtained by different observers. 

To set the apparatus in working order the two semi- 
circular corks K with the thermometer T^ are removed, the 
vessel G taken out and the thermometer T withdrawn. The 
butter is melted at 50°-60° C. in a drying oven and sepa- 
rated from the non-fat by filtration, some 60 c.c. (awftcrent 
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for the test) of the clarified fat being kept in readiness in the 
oven. On the other hand, about 1 J litres of water are warmed 
up to 48° C. in an enamelled iron saucepan fitted with a lip 
for pouring, the thermometer T^ being used for stirring the 
liquid. As soon as the prescribed temperature is attained 
the flame is extinguished, and the butter then cooled (by 
dipping the beaker in cold water and continually stirring 
with the thermometer T) from its temperature of 50°-60° C, 
down to 40*5° C. When this moment has arrived T is 
placed in position without any further cleaning and the 
butter drawn up in G by suction to the upper mark, the 
greased tap shut and G placed upon E, whilst the beaker 
containing the rest of the butter is placed under the appara- 
tus. The water, cooled in the interim down to 42° C, is 
next poured as quickly as possible into the cylinder C, leaving 
just enough room for the insertion of the semi-cylindrical 
corks, one of which always remains attached to the ther- 
mometer TS even whilst the latter is being used to stir the 
water in the saucepan. When these operations have been 
carefully performed both thermometers will in a very short 
time register 40° C, whereupon, by gradually opening the 
tap, the oil is allowed to run out until the upper level corre- 
sponds with the mark over the bulb, and the tap is then 
fully opened by a quick movement of the one hand, whilst 
the other sets the chronoscope in motion, the latter being 
stopped when the oil has run off to the level of the lower 
mark. 

With a little practice, the times observed with one and 
the same material will agree to within a second, the varia- 
tions mostly amounting to a ^ to J a second. By stating the 
time of outflow of water at 20° C. as equal to 100 and re- 
ferring to this the time taken by the butter or margarine 
fat, the viscosity number is derived. 

According to Dr. C- Aschmann, 5 grms. of the fat should, 
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for the diflferentiation of natural and artificial butters^ 
be treated by the usual Eeichert-Meissl method for the 
liberation of the fatty acids and the latter dissolved in 60 c.a 
of ether, 20 c.c. of the solution being then placed in a 100 c.a 
glass tube (about 40 cm. long) along with 8 c.c. of normal 
potash and 30 c.c. of a solution of common salt (sp. gr., 
1'075), and the whole well shaken up. At the end of one or 
two hours the ether will have collected above the brine, but 
will not be clear, being rendered turbid by precipitated matter, 
the height of which will, in the case of natural butter, 
measure only 20 to 30 mm., but for margarine will amount 
to at least 60-70 mm., and will, with a little practice, afford 
an accurate differentiation. 

Uses of Butter. — For alimental purposes. 

Candle-Fish Oil (Gulachonol). 

Baw Material — The candle fish (" Gulachon '' or " Onta- 
chon "), found in enormous shoals in the bays on the coast 
of British North America and Alaska. This fish, which is 
also highly prized as a food, is so rich in oil that it is used 
in the dried state for torches : hence its name. 

Preparation. — No information is available on this point, 
but probably by pressing hke all other fish oils. 

Properties. — Schaedler reports on this new and interesting 
product as follows : — 

The oil as it is put on the market contains a deal of 
palmitin and probably stearine, so that it is only semi-fluid at 
the ordinary temperature. The olein, for so this product 
must, for medicinal purposes, be regarded, forms a clear, 
pale, straw-yellow liquid of fishy smell, differing from, and 
to many tastes probably less repugnant than, hver oil. 
The sp. gr. is 09071 at 15" C. and 09012 at 25" C, whilst 
that of liver oil varies between 0*92 and 0*93, but is 
generally 0*9227 at 15"" C. When mixed with sulphuric acid 
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(1 vol. of acid to 5 parts of oil) the temperature rises 55° C, 
whereas liver oil under the same conditions undergoes a rise 
of 112° C. The colour reactions also differ from those of 
liver oil, nitric acid (sp. gr., 1*27), mixed with one-third of its 
volume of the oil^ producing at once a rose coloration gradu- 
ally changing to amber yellow. 

At the end of fifteen hours the mixture will have thickened 
considerably and assumed a deep amber coloration. Liver 
oil treated in the same manner turned rose-red at first, then 
rapidly into amber, and exhibited the same coloration in 
fifteen hours' time, but was more fluid than the first-named 
mixture and interspersed with thicker layers. Sulphuric acid 
gives with candle-fish oil not the same beautiful purple colour 
that it does with liver oil, but a deep brown, subsequently 
inclining to both yellow and red. When this oil is saponi- 
fied the precipitated fatty acids amount to 95*85 per cent, of 
the oil. 

Candle-fish oil contains about 20 per cent, of ' palmitic 
and stearic acids, 60' per cent, of olein and 13 per cent, of an 
unsaponifiable substance, which, being a peculiar and in- 
teresting body, deserves careful examination. At summer 
temperature this substance forms a mass of oily consistency, 
has a sp. gr.— 0*865 to 0*872 at 15° C. — inferior to that of any 
other constituent of ordinary fats, and appears to be similar 
to the unsaponifiable matter in sperm oil. 

Mutton Tallow (Hammeltalg). 

Raw Material, — The accumulations of fat in the flesh and 
tissues of the sheep. 

Preparation, — Like beef tallow, by melting and by pressing 
the residual tissues from the melting process. 

Frojierties. — Mutton tallow is similar to that of the ox, 
but less highly coloured, being white and rather hard and 
brittle. Initially inodorous, it assumes, after a brief exposure 
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to the air, the well-known characteristic smell and taste of 
mutton, very quickly becomes rancid and agrees in this 
property with goat's fat, which it then resembles in smell. 
These odours are due, according to Chevreuil, to a volatile 
fatty acid (hircinic acid), which is, however, merely a mixture 
of butyric acid with other volatile fatty acids. 

Spedfic Gravity at 15° C— 0-987 to 0*940 (Hagen), 0*961 
<Dieterich) ; at 100° C, 0-860 (Konig). 

Meltincf^Point.—^&b'' to 47-4° C, 46° C. (Schaedler). 

Setting-Point— 32"" to 36° C, rising thereupon to 40°-41° C. 
Old mutton tallow melts at 49°-50° C, sets at 39°-40° C. 
and rises thereupon to 44°-45° C. After setting, the fat^ 
exhibits a flat surface and, internally, traces of crystalline 
structure. 

Setting-Point of the Fatty Acids,— 4.b°-AiS" C. ; also 43*2° 
C. (Dalican), 46*1° C. (Schepper and Seitel). Mutton tallow 
is soluble only in over 60 volumes of cold ether or 45 volumes 
of boiling alcohol of sp. gr. 0-821. 

It contains per 100 parts : — 

Carbon 76-61 per cent. 

Hydrogen - 12-03 . „ 

Oxygen - - ' 11-36 

100-00 per cent. 

■and consists of about 70 per cent, of stearine and palmitin 
{margarine) and 30 per cent, of olein. 

The olein obtained by pressure is colourless, with a faint 
odour of mutton and a sp. gr. of 0*913 at 15° C. ; 80 parts 
are dissolved by 100 parts of boiling absolute alcohol. On 
account of the crystalline appearance of the stearine yielded 
by this fat, mutton tallow is preferred by candle makers to 
that of the ox ; very frequently the two are met with melted 
4;ogether. 

Uses, — Similar to those of beef tallow. 
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Hare Fat (Hasenfett). 

Hare fat is white, or occasionally somewhat yellowish, 
with characteristic smell and a mild, agreeable taste ; the 
consistency is rather softer than that of lard. 

Specijic Gravity at 100° C— 0*861 (Konig). 

Melting-Point.—W'4&'' C. 

Setting-Point, -'28''-30° C 

Co-efficient of Refraction (Zeiss) at 40° C. — 49. 

Percentage of Solid Insolithle Fatty Acids, — 95*47 per cent. 

Volatile Soluble Fatty Acids (Reichert-Meissl number) = 
2*64 c.c. of Y^ — NaHO per 5 grms. 

Insoluble fatty acids : — 

Melting-Point.— ^8°-50° C. ; setting-point, 39°-41° C. ; co- 
efficient of refraction, 86. 

GoosE Fat (Gansefett). 

Raw Maierial. — The accumulations of fat interspersed 
among the tissues and under the skin of the goose. 

Preparation. — By carefully melting the cut-up fat and 
straining to separate the product from the cellular tissue. 

Properties. — It is white to pale yellow in colour, trans- 
lucent, granular, frequently almost liquid at 10° to 12° C, of 
agreeable flavour and does not easily turn rancid. 

Melti7ig-Point.—25'''-26° C. 

Setting- Point. — 18° C, the temperature then rising to 22° 
C. (Schaedler). 

Saponification Value. — 192*6 (Schaedler). 

Iodine Number. — 71*5 (Erban and Spitzer). 

Uses. — For alimental purposes. 

Neatsfoot Oil (Klauenol). 

Raw Material. — The hoofs of cloven-footed animals, oxen,, 
sheep and goats. 

Preparatio7i. — The feet of the ox and the sheep contain a- 



Digitized by 



Google 



ANIMAL FATS AND OILS. 109 

very liquid and stable fat. In order to obtain this substance 
the fresh feet are laid in cold water to wash away the ad- 
herent blood and, after the sinews have been removed, are 
then placed in sufficient boiling water to cover them. After 
immersion for a quarter of an hour therein they are taken 
out, the claws cut away and the feet split to separate the 
toes from the larger bones, the latter being then boiled in 
water by the aid of steam, whilst the former, which yield up 
their fat less readily, are placed in a pan and boiled over 
direct fire in the water that has already served for boiling 
the large bones. After a prolonged boiling the liquid is 
allowed to clarify, whereupon the fat rises to the surface and 
is poured off. The oil obtained in this manner deposits after 
some time a dirty semi-fluid fat, from which the liquid por- 
tion is separated by decantation. This oil is pale yellow in 
colour and thin at ordinary temperatures, setting only at a 
few degrees below zero C. It contains much oleic acid and 
only a little stearine, does not easily turn rancid nor does it 
readily thicken. After the fat still remaining in solution 
has been as far as possible separated by crystallisation and 
filtration, the liquid product forms a very good lubricating 
oil for clocks and delicate machinery. 

According to Th. Chateau, the preparation of neatsfoot 
oil is carried out in the following manner : The feet (** trot- 
ters ") of about 100 sheep are treated for twenty minutes in a 
pan of water warmed by the aid of steam up to 75° or 80° C. 
When the woolly hair comes away easily the pan is emptied, 
the feet scraped and the claws removed. The feet thus 
cleaned are tied up with string into bundles of eighteen and 
then subjected to extraction by boiling in water until the 
greater part of the contained oil is recovered, whilst the feet 
themselves are sold in the half-cooked state. From 100 to 125 
bundles of eighteen are treated at a time. The yield of fat 
is somewhat variable, ranging from 1 lb. to 21 lbs. per 100 
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sheep. The feet of animals that have had to traverse long 
distances before being slaughtered, such as is the case with 
American sheep, yield merely traces of neatsfoot oil. The 
boiled feet are immediately laid in a stream of cold water,, 
and when cooled are offered for sale. The oil obtained in 
this manner has a sp. gr. of 0*915, is translucent and grey 
in appearance, but clarifies on standing or by several filtra- 
tions, and is then very pale yellow in colour. Chateau, in 
his communication, reports that the majority of commercial 
neatsfoot oils examined by him were composed of other fats. 

E. Geissler points out that neatsfoot oil is, on account of 
the method of preparation, very often rancid, and that he 
has examined oils of this class containing 10 to 15 per cent, 
of free fatty acids. 

According to Schaedler, true neatsfoot oil from the hoofs 
of oxen is mostly mixed with that from the feet of the sheep. 

Benedikt distinguishes between ox neatsfoot oil, sheep's- 
foot oil and horse-foot oil, and states that commercial neats- 
foot oil is generally a mixture of oils from the hoofs of oxen, 
sheep, horses and swine. Data for the accurate differentia- 
tion of these oils are still entirely lacking. 

Properties. — Neatsfopt oils are straw yellow, inodorous, of 
agreeable flavour and generally set only below 0° C. 

Specific Gravity at 15° C— Neatsfoot oil, 0-914-0-916 (Allen); 
sheep's-foot oil, 0'9175 ; horse-foot oil, 0*913 (Schaedler) ; at 
18° C, neatsfoot oil, 09142 (Stilurell). 

Adulterations, — Purified neatsfoot oil is in good demand 
as a lubricant, and is falsified with refined cotton-seed oil, 
rape oil and mineral oils, the detection of which is not diffi- 
cult. Any admixture of pale fish oils can be recognised by 
the smell evolved when rubbed on the hands ; otherwise by 
phosphoric acid. 

Uses. — Technical, as a lubricant for delicate machinery, 
clocks and so forth. 
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Bone Fat (Knochenfett). 

Raw Material, — Large hollow bones and short flat bones, 
or rather the spongy substance of the latter. Bones are 
filled with a soft yellow or reddish fat (bone marrow) which 
serves to protect and support the blood vessels in the bone 
and also as formative substance for the white corpuscles of 
the blood. The bones worked up for their fat are those of 
the domesticated animals slaughtered for food and of the 
horse. As a rule, three products are obtained in the process : 
glue, fat and mineral matter, i.e., phosphate of lime, the 
latter in the form of purified bone or as a manurial sub- 
stance, or boneblack. 

Preparation. — Originally the treatment of bones was con- 
fined to the extraction of the fat, the material being simply 
boiled in water and the fat skimmed off ; probably also the 
glue, so far as the latter was dissolved by the boiling water, 
was recovered, the residual bones being worked up by the 
turner or bone worker, or ground down into bone meal. 

The methods of manipulating bones employed at the 
present time may be directed to the attainment of four 
different objects : — 

1. The recovery of fat and boneblack as the primary ob- 
ject, with bone meal as a secondary consideration ; 

2. Fat and boneblack as the main products ; glue and 
bone meal, bye-products ; 

3. Fat, glue and bone manure or phosphate as the princi- 
pal products ; 

4. The recovery of ammonia salts in addition to the pro- 
ducts named under 1 and 2. 

In any case, whatever products are to be obtained, the 
separation of the fat is necessarily the first task to be per- 
formed. Even in the event that bone meal is the sole 
manufacturing product in view, the recovery of the fat is 
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unconditionally desirable on account of its relatively high 
value, and the bones are of no greater value for manure with 
the fat left in than without it.^ 

The form in which the bones should be used for recover- 
ing the fat, the sole object at present in view, is always that 
of small lumps, such as are obtained by passing the bones 
through crushing rollers set closely together. In working 
with bones crushed by stamping, the meal and granules with 
which the unsorted lumps remain mixed unfavourably affect 
the progress of the operation, whether boiling or extraction, 
by clogging together and rendering the recovery of the fat 
more difl&cult. 




II I 

Fig. 49a. Bone Crusher. (Section.) 

Properly crushed bones contain no meal and but few 
granules, and are in this form best adapted for yielding up 
their content of fat 

The recovery of fat may be effected in three ways : — 

1. By boiling, 

2. By steaming, 

3. By extraction. 

By simple boiling the bone cartilage is left almost entirely 
unaltered, the fat, however, being so imperfectly extracted 

^ Translator's 'Note. — In fact they are the better for its removal, the fatty 
matter impregnating the bones retarding indefinitely their decomposition in 
the soil. 
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by this operation that frequently only one half the quantity 
actually in the bones is recovered. 

By steaming the bones a much greater yield of fat is ob- 
tained, it is true — over 90 per cent, being recovered by suflS- 
ciently prolonging the operation— but, at the same time, a 
large portion of the cartilage is dissolved and converted into 
glue, which, if the manufacture of this article does not fall 
within the scope of the factory, is completely wasted, and 
even forms a burdensome waste product, in that the glue 
liquor, unless quickly discharged into a large volume of 
running water (river), very rapidly undergoes decomposition 
and infects the neighbourhood. The easiest method of 




Fig. 496. Bone Crusher. (Viewed from above.) 

getting rid of this glue liquor is by employing it for the 
irrigation of the land. Bone meal obtained from steamed 
bones is more easily dissociated than that prepared from 
unsteamed bones, on which account it has a more rapid 
fertilising action than the latter and is therefore, for this 
reason, usually considered by practical men as superior, 
though this is in reality not the case ; and, moreover, such 
bones when converted into boneblack are of lower value, 
owing to the extraction of the gelatine, and yield a black of 
inferior decolorising power. 

By the extraction process the fat is almost entirely ob- 
tained in solution, only a few parts per mil. at most being 
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left behind in the bone. The cartilage, as well as the 
mineral matter, remains completely unaffected, and bones 
deprived of their fat in this manner may be used either for 
the preparation of a good bone meal which will have an 
abiding manurial effect or for the manufacture of boneblack. 
The extraction method is already undoubtedly recognised 
as producing the best results of any. 




Fig. 60. Bone-Boiling Pan with Lifting Gear and Perforated Vessel. 

1. Bo^ie Boiling. 
The oldest form of apparatus employed for bone boiling 
consisted of a large sheet-iron boiler set in brickwork and 
heated by direct fire. The pan was first filled with bones up 
to about 12 to 15 ip. from the brim and water run in until 
the level of the liquid was about 8 in. below the edge, heat 
being then applied and continued until a fatty layer collected 
at the surface, this being skimmed off by flat ladles as fast 
as formed and collected in a wooden vat, where it was left 
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to set. Under the fatty stratum there was always found 
a certain quantity of dark-coloured glue liquor, which was 
poured oflf. As soon as only a scanty amount of fat was 
found to be coming up to the surface of the water the opera- 
tion was considered at an end, the glue liquor was run off 
and the bones taken out of the pan, to be then dried and 
subsequently worked up. 

A slight improvement on this original practice of ob- 
taining fat from bones consisted in placing the latter in a tin 
cyhnder (Fig. 51) perforated like a sieve in the lateral walls, 
and suspended by a strong bow from a chain running over a 




Fig. 61. Perforated Vessel for Holding the Bones, 

pulley attached to a revolving crane, by the aid of which it 
could be lowered into the boiling pan. 

In this latter vessel the cylinder was allowed to remain 
until no further notable quantity of fat could be skinmied off 
the surface of the water, whereupon the cylinder was Ufted 
out and replaced at once by another full of fresh bones, which 
were boiled in the same water, whereby a glue liquor was 
obtained of suflScient strength to pay for working up into 
glue. 

With regard, however, to the suitabihty of the same 
water for continuous use with fresh charges of bones, a 
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difficulty soon arises, in that the density of the liquor be- 
comes so great that the ascent of the fat globules is hindered 
and they remain imprisoned in the liquor, water having to 
be added as a diluent to enable the fat to separate. 

Where steam is available, the boihng is effected by direct 
steam, which presents the advantage that large wooden vats 
may be used and the consumption of heat is relatively low. 
Direct steam may also be employed in the following 
manner : the aforesaid perforated vessel is immersed in a 
wooden vat full of water, at the bottom of which is placed 
a coiled steam pipe, the steam from which heats the water to 
boiling. 

2. Steaming Bones, 

The temperature of steam increases according to the 
pressure to which it is subjected, and it also forces its way 
more readily into the substance of bodies than when in the 
liquid state (water). These two factors, conjoined with the 
circumstance that strongly heated fat is very fluid, cause 
bones that are subjected to the influence of fairly high- 
pressure steam to yield a far larger quantity of fat than can 
be obtained therefrom by simple boiling. 

Heated steam has, moreover, much greater solvent powers 
than hot water, and exerts this influence in the case of bones 
by converting a comparatively large amount of the cartilage 
into glue, so that in addition to obtaining a greater yield of fat 
from the bones by steaming, a more highly concentrated glue 
liquor is also produced than by mere boiling ; the steamed 
bones themselves, being rendered more friable by the solu- 
tion of an appreciable proportion of their cartilaginous sub- 
stance, are softened and can be more easily comminuted. 
The apparatus generally used — with slight modifications — 
for steaming bones takes the form displayed in Fig. 52. It 
consists of a cylinder 10 or 12 ft. in height and composed. 
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like an ordinary boiler, of strong iron plates. In each of 
these cylinders, which are set up vertically and arranged in 
groups or "batteries," are two large apertures, E and A, which 
can be shut steam-tight by iron covers and bow-screws. In 
the upper convexity of the cylinder is fitted a pipe D com- 
municating with the boiler, and on the opposite side of the 




Fig. 62. Bone Steamer. 



top is a short pipe H, both this and D being provided with 
taps. At the bottom of the cylinder is a pipe L, also fitted 
with a tap and bent forwards, and the cylinder is fitted in- 
ternally with a perforated false bottom S immediately over 
the domed bottom. Generally four to six, or in large works 
eight and more, steamers are united to form a battery, the 
discharge pipes L being led into a common outlet, whilst the 
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steam pipes D are supplied from a main feed pipe. The 
batteries may be surrounded by brickwork, but it is pre- 
ferable to mount them unenclosed and merely lagged with 
wood on a frame, the intermediate space between the boards 
and the steamer being packed with sawdust. 

For filling the steamers quickly and with the smallest ex- 
penditure of power, it is advisable to set the crushing mill at 
such a height that the crushed bones fall direct into trucks 
which run on rails above the upper manholes of the steamers 
and are unloaded there by tipping. Another set of rails runs 
along in front of the second manholes A, so that the spent 
bones can be discharged direct into trucks and transported 
therein to the breakers. 

As soon as a steamer is charged with bones it is hermetic- 
ally closed, the tap H is opened and steam admitted to the 
bones by opening D. The steam first entering is condensed 
to water, being cooled by the bones, but after a short time 
the temperature in the steamer will have so far risen that 
the steam no longer liquefies, but after driving the air 
in the apparatus out through the pipe H issues therefrom 
itself in a strong current. As soon as this is observed H is 
closed and the steam allowed to act on the bones, whereby 
the fat therein is melted and trickles down. At the bottom 
of the vessel there collects a liquid containing glue, and 
rendered turbid by imprisoned fat globules, a thick layer 
of fat surmounting the whole. From time to time, at 
intervals of about an hour, the tap L is opened a Uttle way, 
the pressure of the steam expels the glue liquor and fat 
with great force, and the tap is only closed again when the 
characteristic sound indicates that steam alone is escaping. 

Steaming, with periodical removal of the fat, is continued 
until a sample of the eflfluent liquid shows that no more fat 
is coming away. The liquid in the steamer is then expelled 
by the steam, the steam pipe D closed and the outlet A 
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opened, whereupon the steam is turned on again and forces 
the greater part of the charge of bones out through A, an 
operation greatly facilitated when the perforated false bottom 
S is arranged to slope well forward. The liquids obtained 
from the steamer consist of melted fat and a fairly concen- 
trated solution of glue retaining a large proportion of fat. To 
separate these constituents the liquor is run into a steam 
jacketed metal cylinder, the current of steam being regulated 
to produce sufficient warmth to keep the glue liquor rather 
fluid, so that, on standing, all the contained globules of fat 
are enabled to rise to the surface. When the separation is 
complete the fat is run off through a tap at the side of the 
cyhnder and the glue liquor immediately drawn off through 
a valve in the conical bottom of the vessel to the concen- 
trating pans. The glue liquor being always fairly rich, 
it is advisable to work it up into glue in the factory, since, 
even if the resulting product be merely of low quality, the 
loss of valuable material sustained by the bone meal or bone- 
black is to some extent compensated thereby. It is some- 
what difficult, in the type of steamer described, to warm the 
mass quite uniformly ; consequently the melting of the fat 
takes a rather long time, so that a large amount of cartila- 
ginous substance is converted into glue. 

This may be remedied by an improved method of con- 
struction, wherein the steam pipe does not debouch into the 
top of the steamer but is modified in order to secure the better 
distribution of the steam through the charge of bones. The 
steam pipe (Fig. 53) is extended to the centre of the steamer 
and then passes downward in the direction of the axis almost 
to the bottom. A number of lateral apertures o are provided 
at various heights in the pipe, each of them being so pro- 
tected by a small bent metal plate d that no solid bodies 
can pass into the tube, whilst, at the same time, the free 
discharge of steam is ensured. These protectors were found 
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necessary to prevent the obstruction of the pipe, otherwise, 
liable to occur, from small pieces of bone. 

The modus operandi of this arrangement is easy of ex- 
planation : The steam passes through the numerous aper- 
tures in the pipe and uniformly heats the bones in many 
places at once, the temperature consequently rising quickly 
to a point at which the fat melts out. 

The entire aim of the process — recovery of the total amount 
of extractive fat in a short time and the consequent restric- 




FiG. 63. Friedberg's Improved Bone Steamer. 

tion to a minimum of the conversion of cartilage into glue — 
is attained by this very simple arrangement. Finally, by 
adhering to this construction the diarneter of the steaming 
cylinders can be increased and the bones still heated uni- 
formly. 

3. EMr action. 
The extraction process is, as already stated, the only one 
by which it is feasible to obtain from bones the contained 
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fat in its entirety and at the same time preserve the cartila- 
ginous substance perfectly intact, so that the best quality of 
boneblack may be prepared from the residue. Hence there 
is no need to undertake the manufacture of glue in order to 
make good the loss of matter — a consideration of great value 
in simplifying the work of the establishment. 

The recovery of fat from bones by this process is based 
on the property of certain liquids, such as ether, carbon bi- 
sulphide, petroleum, benzol, etc., of extracting fat in the 
warm, bringing it into solution and then yielding it up again 
on simple distillation. In most cases use is made of the 
cheap petroleum spirit (benzine) available in large quantities, 
a special apparatus being employed on account of the great 
care necessary in view of the explosive and inflammable nature 
of the benzine. Among the apparatus for extracting fats, 
those of Deiss, Vohl, Seiffert, Lindner & Merz and Wegelin 
Hiibner are best known, all of which are described in 
the author's Vegetable Fats and Oils. The extraction of the 
comminuted bones is effected in precisely the same manner 
as there indicated for oil seeds and oil fruits. 

Properties. — The bone fat obtained by merely boihng the 
bones is, unless perfectly fresh bones are used (and this is 
very rarely the case), of very inferior quahty, dark yellow to 
light brown in colour and of repellent smell. The colour is 
due to the dark decomposition products of the putrefying 
bone cartilage, and the evil smell arises from similar pro- 
ducts, fats in general being characterised by the afl&nity 
they exhibit for absorbing and retaining odoriferous sub- 
stances. 

Bone fat prepared by the steaming process differs little 
from the last-named class in point of colour, but considerably 
as regards smell. The same partly decomposed bones that, 
in the ordinary method of simple boiling, would yield a fat 
with a repellent smell, will, if steamed, give a much less 
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unpleasant-smelling product, the difference being attributable 
to the high temperature employed, whereby the greater part 
of the malodorous substances is immediately vaporised. 

The external appearance of the fat derived from bones 
varies considerably, that from perfectly fresh bones being 
pale yellow in colour and free from smell, whilst that from 
old bones is dark yellow to brown ; the consistency is either 
quite fluid, semi-fluid or like lard. 

Benedikt gives the subjoined data for fat from perfectly 
fresh bones : — 

Spedfic G^mt;%— 0-914-0-916 (Allen). 

Melting-Point—21 -22° C, 

Setting-PoiTit. — 15° C, the temperature rising to 17° C. 
(Schaedler). 

Saponification Value. — 190*9 (Valenta). 
Iodine Number of the Fatty Adds. — Crude fat, 37*4 ; refined 
fat, 55-7-57-3 (Morawski & Demski). 

Uses of Bone Fat. — Solely technical ; in the soap and 
lubricating oil industries. 

Eefining Bone Fat. 

For the purpose of utilising bone fat it is essentially neces- 
sary to subject it to a process of purification to destroy the 
odours and colouring matters in the fat ; this process is 
carried out with either nitric acid or potassium bichromate, 
both of which exert a powerful oxidising action. In refining 
with nitric acid ^ to 2 parts by weight of acid are taken 
per 1000 parts of fat. the exact amount depending directly on 
the degree of impurity. 

Wooden vats, containing wooden appliances for stirring, 
and fitted with a steam pipe at the bottom, are used. The 
fat to be purified is placed in a vat, where it is melted by 
steam and heated to 70°-80° C, the nitric acid being then 
run (from a glass vessel fitted with a glass tap) in a thin 



Digitized by 



Google 



ANIMAL FATS AND OILS. 123 

'.stream into the fat, during which time the stirrers are kept 
in continual motion. At intervals samples are drawn from 
the vat, cooled rapidly to cause them to set, and examined to 
•obtain an idea of the condition of the fat. If the purification 
seems to be sufficient the stirrers are stopped and the fat 
washed, to which end it is allowed to run out in a thin stream 
into a second vat placed at a lower level and more than half 
full of water, besides being fitted with a steam pipe and set 
•of stirrers. By admitting steam and simultaneously working 
the stirrers an intimate admixture of the fat and water is 
effected, and then after a short time the whole is left at rest, 
the water, after separation, being finally drawn off and re- 
placed by a fresh supply, whilst the fat is washed again in 
the same manner and is then considered sufficiently purified. 

By replacing the nitric acid by a mixture of equal parts 
•of nitric acid and sulphuric acids, the purifying process is 
greatly accelerated, but the loss induced is greater than in 
the former case. 

The second purifying process is that in which sulphuric 
.acid and potassium bichromate are used. One part by 
weight of bichromate is dissolved in a very little water, and 
the solution placed in a stoneware vessel, 2 parts by weight 
•of sulphuric acid being then poured and stirred in with a 
glass rod and the vessel left, covered up, for a couple of days. 
When sulphuric acid and potassium bichromate come in 
•contact, chromic acid is liberated and dissolves in water to a 
red solution, whilst the potassium bisulphate formed at the 
:same time crystallises out on the bottom of the vessel. 
From i to 2 per cent, of this chromic acid solution is added 
i;o the fat, according to the degree of impurity of the latter, 
and the stirrers are set in motion. 

When the reaction is concluded the fat is washed, at first 
^th only a small quantity of water, which becomes tinged 
iBfrith green or violet by the resulting chromic acid compounds, 
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and these washings from various operations are collected and 
sold to colour manufacturers. 

By using a sufficiency of bichromate, even a very im^ 
pure bone fat can be rendered perfectly white and free from 
smell, and this class of product sells at such a good price as- 
to well repay the high cost of refining. 

Kratzer employs for bleaching bone fat a mixture of 500* 
parts by weight of the fat, warmed to 70°-75° C, and 5 parts, 
of 30° soda lye containing 2*5 parts of common salt, and 
leaves the whole to stand for six to eight hours or over night. 
The clear settled fat is then cooled to 40° C. and to it are 
added successively a solution of 2*5 parts by weight of potas- 
sium bichromate and 75 to 10 parts of 22° fuming hydro- 
chloric acid, mixed in by means of the stirrers, which are 
kept vigorously at work until the oil finally exhibits merely 
a green tinge with white froth, a sign that it is properly^ 
bleached. When finished, some 20 gallons or so of water at. 
75° C. are sprinkled over the surface from a watering-can and 
the whole covered up and left to stand, steam, if available,, 
being blown in for ten to fifteen minutes. 

By this method of washing with hot water or steam the 
acid remaining in the bone fat is washed out and carried 
down. 

A bone fat bleached in this manner is, at the ordinary 
temperature, soft and lard-like in appearance, pure white or 
faint yellow in colour, and is specially characterised by the 
slowness with which it turns rancid when exposed to the air- 

Bone Oil (Knochenol). 

In order to obtain the bone oil from bone fat, which is done 
by precipitating the more readily congealable stearine group of 
fats, the fat is exposed to a low temperature (about 2° to 
9° C), whereby the solid fat separates out and the oil can be 
then poured oflf. According to the Polytechnic Society of 
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Berlin, much better results can be obtained by dissolving 
the fat in benzine and exposing the solution to cold. The 
clear liquid is poured away from the solid fat, and when 
freed from the solvent by distillation leaves pure bone oil. 

Abtificial Buttee, Oleomabgaeine, etc. (Kunstbuttee, 
Maegabinbutteb, Oleomaegabin, Spabbutteb). 

By the above and similar designations is understood an 
artificial product obtained from constituents of beef tallow, 
prepared by special processes and worked up with milk and 
vegetable oils to a substance greatly resembling, or even 
identical with, natural butter in appearance, consistency and 
flavour. 

The manufacture of artificial butter is a fairly simple pro- 
cess, but nevertheless entails the exercise of intelligence and 
care in order to fulfil all the requirements imposed. A few 
of the methods in use are given hereunder, and the reader is 
referred for fuller information to Lang's work on KnnsU 
butter (3rd edition, 1895). 

Mabgabine Manufactube in Fbance. 

Villon describes the process as follows : — 
The first operation consists in the separation of the so- 
cailei premier jus from the solid stearine and olein, melting at 
38° C, and a liquid fat. The solid tallow is formed into pats, 
about 8 in. long by 7 in. wide and ^ in. thick, wrapped in linen 
cloths, and weighing some 2J lbs. (1 kilo) each. Two hundred 
of these pats are placed in a hydraulic press by placing on 
the lower plate (covered with a canvas cloth warmed to 
about 50° C.) a layer of 5 pats, these being covered with 
another cloth also warmed to 50° C. and surmounted in turn 
by a second set of 5 pats, and so on until the whole 200 
are in position. The operations must be performed quickly, 
so that the cloths have not time to become cold. The sepa- 
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ration of the oleomargarine begins without pressing, owing- 
to the pressure of the cloths and to the warmth to which 
they are exposed, but as soon as the flow is observed to flag, 
the press is set to work, very slowly at first, the pressure 
being afterwards raised to 150 kilos (330 lbs.) and even to 
175 kilos (385 lbs.). 

The pressed tallow {suif press^) remains behind in the 
cloths and is used for making stearine and tallow candles. 
The oleomargarine thus obtained is a yellow crystalline mass 
recalling ordinary butter, and is mixed with milk and cotton- 
seed oil or ground-nut (arachis) oil for churning. The pro- 
portions taken vary according to the quality in view, but 
the following have been ascertained : — 

I. II. 

Oleomargarine - - - 800 kilos 600 kilos (of 2-2 lbs. ). 

Milk 600 litres 600 litres (of 0*22 gall.). 

Cotton-seed Oil - - - 100 kilos 60 kilos. 

The quantity of oil is adjusted according to the time of 
the year, 30 to 40 per cent, being used in winter, whilst in 
summer the oil is occasionally omitted altogether. Sesame 
oil is sometimes used, the object of the oil, of whatever kind, 
being to impart to. the oleomargarine the suppleness of butter. 

The oleomargarine is melted at 45° C, and the milk and 
oil are added at the same temperature, all being run into the 
chums through pipes from storage tanks several yards high, 
situated above the (wooden) churns. The materials are then 
thoroughly incorporated by means of dashers, the operation 
lasting about two hours, and the dashers being stopped towards 
the end in order that the quality of the product may be deter- 
mined. The mixture is then allowed to run out of the churn 
through an inclined wooden trough into a large vat, a jet of 
cold water impinging on the mixture, as it falls from the 
trough, in order to granulate the margarine. In the vat the 
product floats in cold water, and is removed by gauze strain- 
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ers or sieves arid left to drain for about two hours in per- 
forated vessels, whence it is transferred to revolving tables 
like those used for butter working, only larger. On these it 
is kneaded to express the milk, and the margarine thereby 
acquires the homogeneity of butter. The appearance of the 
product is improved by passing it in small portions through 
horizontal rotating fluted-roUer working machines, after 
which it is made up into 1 lb. (or | kilo) pats. This method 




Fig. 54. Butter and Churning Machine (W. Bivoir, Offenbach -am-Main). 

is the one most frequently employed, but the churned mix- 
ture can also be cooled by ice water from the ice-making 
machine, though this plan is not advantageous, since during 
the slight fermentation allowed to ensue before the mass is 
drained the flavour, sui generis, of a good margarine is, in this 
case, not attained. 

To obtain really good margarine the product must be 
allowed to set in small lumps enclosing small quantities of 
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milk, and on this account the water used must not be too 
cold. A good butter flavour is developed by inoculating 
the margarine in the draining stage with a small quantity 
of a ferment obtained from artificial fermentation-cultures 
of good butter. 

Henri Grasso of Herzogenbusch (Holland) designs and 
supplies margarine factories for a diurnal production of 1 to 
3 tons of artificial butter. The entire plant consists of : — 
1. One churn of 165 galls. (760 litres) capacity; 




Fig. 65. Margarine Worker (W. Rivoir). 

2. One ordinary roller worker with patent ** Salaman- 
der " rollers, filling sack, flap and truck ; 

3. One margarine oil attemperator holding 165 galls. ; 

4. Four margarine melters holding 165 galls. ; 

5. One butter drier or mixing machine ; 

6. Three milk acidifiers, each holding 77 galls. ; 

7. One milk separator ; 

8. One pasteurising apparatus, several coolers for cream, 
skim milk and pasteurised milk ; 
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9. One milk wanner ; 

10. One churn for natural butter ; 

11. One margarine oil pump, worked by hand ; 

12. One granulating spray, with tap. 

According to Grasso, the product is prepared as follows : — 
The fresh milk is pasteurised, cooled, re-warmed, passed 
through the separator, cooled again and acidified with a pure 
culture (of ferment). It is then churned, and the resulting 
butter sold as ** centrifuge " butter, the skim milk and re- 
sidual buttermilk being used in making the margarine butter. 




Fig. 66. Butter Mill with Fluted Rollers. 

By a suitable selection of the raw materials, oleomargarine 
and oil, various qualities of margarine butter can be pro- 
duced. The oleomargarine is melted in the margarine 
melter by means of hot water, the temperature employed 
depending on the composition of the oleomargarine used, 
being, when the latter is of lower quality and contains 
stearine, of course higher than when a purer material is used. 
The oil is not heated, but only warmed a httle. 

In the actual preparation of margarine butter a certain 
quantity of milk is put into the churn and churned for about 

ten minutes, the necessary amount of oleomargarine and oil 
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being then added at a certain temperature and the mass 
mixed with alternate increases and diminutions of tempera- 
ture, in order that it may be delivered at the end of the 
necessary time into the granulating pan, where it is granu- 
lated by the aid of ice water. When thoroughly cooled, the 
now solid product is shovelled into small trucks and conveyed 
to the roller machine, where it is worked (kneaded), this last 
operation being repeated a dozen times, after which the 
margarine is salted, passed twice through the butter drier 
and then packed. 




Fig. 57. Moulding Machine for Margarine (W. Rivoir). 

" Kaiser Butter." 

According to a communication issued by H. & M. Pataky^ 
patent agents of Berlin, it has been established on the basis 
of scientific experiments that levulose and substances con- 
taining same, when incorporated with edible fats by a special 
process yield a preparation that, unlike other fats, needs no 
admixture with bile to form an emulsion in the alimentary 
canal. All edible fats liquefy, it is true, at the temperature 
of the body, but their emulsifying capacity is dependent on 
their intermixture with the biliary fluid in the intestines, 
and since the amount of this fluid is in most persons com- 
paratively small, the ordinary edible fats are only to a small 
extent actually digested, ^.^j absorbed by the intestines. Of 
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all the alimental fats hitherto known, good fresh butter is the 
easiest of digestion, owing to its superior capacity — in com- 
parison with the others — of emulsifying with relatively low 
proportions of bile. If, now, edible fats be incorporated with 
levulose, they liquefy in the human stomach and form 
emulsions with water at temperatures even below 37° C, so 
that their digestion is thus ensured. The process is carried 
out in such a manner that the fats, warmed to about 70° C, 
are mixed with an addition of a solution of levulose at the 
same temperature, the mixture being rendered thoroughly 
intimate by continual stining until cold, so that it emulsifies 
when shaken or otherwise agitated with water at tempera* 
tures from about 14° C. upwards. Butter mixed with 
levulose (or substances containing same) by this process is 
allowed to be sold as butter in Germany, and a patent has 
been granted for the *' Kaiser butter " prepared in this man- 
ner. In addition to the properties already enumerated, 
'* Kaiser butter " exhibits the advantages of superior flavour 
and keeping qualities. Consequently, the consumption of 
butter would be increased, and that of the butter substitutes 
at present vended decreased, by the introduction of this pre- 
paration, the price of which is even lower than that of ordi- 
nary butter. 

Pbepaeation of Alimental Fats, accobding to Jahu 

AND MiJNZBEBG. 

According to the above-named inventors, easily digestible 
alimental fats may be prepared by intimately mixing fat, 
warmed to 70° C, with a solution of levulose at the same 
temperature, the liquids being stirred without interruption 
until cold. The mass thus obtained can be emulsified by 
shaking or otherwise agitating it with water at temperatures 
ranging from about 14° C. upwards. 
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Filbert's Process. 

J. H. Filbert's process for preparing alimental fats con- 
sists in the admixture of tallow and cotton-seed oil, the former 
being gradually liquefied at the lowest possible temperature 
and the oil added, whereupon \he mixture is irigorously 
stirred and beaten in order to reduce the size of the oil 
globules still further and bring about their intimate incorpo- 
ration. Simultaneously, air is blown through the mixture, 
so that the finished product is light in colour and the par- 
ticles of cotton-seed oil and minute air bubbles are held in 
suspension in the solid tallow. 

Winter's Method. 

A. M. Winter took out an American patent for the fol- 
lowing mixtures as alimental fats (! ! !) : — 

1. Fatty substances and refined mineral oil mixed in 
such proportions as will produce a stiff mass ; 

2. Eefined mineral oil and animal or vegetable fats in 
proportions calculated to form a stiff mass ; 

3. Eefined mineral oil, oleostearine, tallow and vegetable 
oil (cotton -seed oil) ; 

4. Sixty per cent, of refined mineral oil and 40 per cent, 
of fatty substances ; 

5. Sixty per cent, of refined mineral oil, 30 per cent, of 
animal and 10 per cent, of vegetable fat ; 

6. Sixty per cent, of refined mineral oil, 15 per cent, 
of oleostearine, 16 per cent, of tallow and 10 per cent, of 
cotton-seed oil. 

Human Fat. 

The investigation of human fat is of merely scientific 
interest, and it can readily be understood that little is known 
on the subject. Chevreuil found this fat to consist of an 
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olein and stearine, the latter differing from mutton stearine in 
yielding margaric acid instead of stearic acid. Heinz found, 
however, that the constitution was of a more complex 
character, and that in addition to palmitic and stearic 
acids other acids, one of them liquid, are present. The fat 
examined by Mitchell was freed from tissue at the lowest 
feasible temperature, was pale yellow in colour and some- 
what softer in consistency than butter. When re-crystal- 
lised from ether, only a small precipitate was produced, 
and this, after washing (with ether) and drying, melted 
at 51*5° C. Under the microscope the crystals exhibited 
some resemblance to those frequently obtained in the form 
of fascicular l&undles from lustrous lard, in that the indi- 
vidual crystals exhibited the characteristic chisel-shaped ends. 
The analysis gave : — 

Fat. 

Specific Gravity.— ki 25° C. (water at 25°= 1), 0-9033. 

Melting-Point.--ll'Qb" C. 

Setting-Point— lb° C. 

Saponification Value. — 145. 

Saponifixiation Equivalent. — 287. 

Reichert Number, — (2'5 grms.) 0*31 ?i-alkali. 

Acid' Number. — (1 grm.) 63 mgrms. KOH = 0*3 per cent, 
of oleic acid. 

Bromine Number, — Heat, 11*3° C. 

Iodine Number, — 11*3 X 5*5 = 62*15. 
Fatty Acids. 

Melting-Point,— 35-5° C. 

Setting- Point, —SO'6'' C. 

Iodine Number. — 64. 

Iodine Number of the Volatile Fatty Acids, — 92*1. 

Twitcheirs modification of the Jean method of fractional 
precipitation was employed for determining the nature of 
the fatty acids, 1*9478 grms. of fatty acids (iodine number, 
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64) being dissolved in 26 c.c. of 95 per centi alcohol and 
treated with 1*5 grms. of lead acetate dissolved in ,10 c.c. 
of the same alcohol, and the flask well corked and left to 
stand all night. Next morning a little of the liquid was 
filtered off, the acids being recovered by agitation with ether 
and hydrochloric acid, and their iodine number ascertained. 
The precipitate was well washed with alcohol, the fatty acids 
recovered, dried, weighed and their iodine number deter- 
mined, oxidation being in each case carefully guarded 
against. The results were : — 





Qrams. 


Iodine No. 


Per Cent 


Solid acids .... 


0-9779 


37 


50-2 


Liquid acids (by difference) - 


0-9699 


92 


49-8 



The acids from the filtrate were still liquid at 15° C. ; 
those from the precipitate had a melting-point of 35*5° C. and 
a molecular weight of 278. From this may be calculated : — 

Liquid acids in filtrate 99-8 per cent. 

„ „ reckoned as oleic acid - - - 20*06 „ 
37 X 50-2 18-57 
100 ~ 0-9 
Total liquid acids 70*4 „ 

Iodine number, ^^ ^^^ 90*9 

Therefore, the liquid acids probably consist of oleic acid, 
with a small amount of unsaturated fatty acid, probably 
linolic acid. 

So far as the solid acids are. concerned, the high mole- 
cular weight of the lead precipitate (of which only 20 per 
cent, should be considered as liquid acids) leads to the con- 
clusion that stearic acid or another high molecular acid is 
present. 

The crystals obtained, after washing and drying, from the 
crystallisation of the fatty acids from 70 per cent, alcohol 
melt at 50*5° C, which is a lower melting-point than is 
exhibited by any other mixture of stearic and palmitic acids, 
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according to Heintz' table, and indicates the presence of 
myristic acid, since the precipitate was entirely free from 
liquid acids. The filtrate on standing yielded a second pre- 
cipitate, also melting at 50*5° C. 

Human fat, according to these data, therefore consists of 
some 70 per cent, of liquid fatty acids, chiefly oleic acid, and 30 
per cent, of solid acids, probably palmitic acid, together with 
small quantities of stearic and myristic acids and traces of 
lower volatile acids. 

Horse Fat, Horse Grease (Pferdekammfett, 
Pferdefett). 

Raw Material. — Chiefly the fat found in the neck (under 
the mane) of the horse, and in addition all the fatty portions 
of the carcase. 

Preparation. — The fat after separation from its integu- 
ment is collected and melted — by steam if on a large scale, 
or simply by hot or boiling water in small works — then 
strained and placed to set in suitable vessels. 

Properties. — The actual mane fat of the horse is pure 
white and inodorous, softer in consistency than lard, melts at 
30° C. and consists of 70 parts of olein and 30 parts of a 
mixture of stearine and palmitin. 

The other fat from this animal is thick, almost like 
pomade, and separates on standing into a solid portion and 
a supernatant liquid. At 10° C. it resembles lard, and at 
8° C. tallow ; it is of a dirty yellow-brown colour and pos- 
sesses a characteristic fatty odour. 

The marrow fat obtained from the large hollow bones of 
the horse is a waxy-yellow, greasy fat, becoming hard in the 
air ; it begins to run at 65° C. and is at 86° C. thick like 
syrup. By the aid of soda a very soHd white soap can be 
prepared therefrom. 

Uses. — Medicinal : for ointments in veterinary medicine. 
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Cosmetic : for pomades intended to promote the growth of 
hair. Technical : for softening leather, lubricating machinery, 
wool softening, and the manufacture of soft soaps, for which 
it is specially adapted. 

Beef Maerow (Eindermark). 

Raw Material, — The large hollow bones of the ox contain 
a fat (marrow) which is identical with tallow, and is indebted 
for its characteristic taste to the cellular tissues which 
accompanies. 

Preparation, — The bones are opened, i.e., split or sawn, 
whilst still fresh, and the marrow, which corresponds to the 
bone in shape, carefully collected. In old bones, no longer 
fresh, the marrow has no special value, and is then only 
classed as bone fat. It is carefully melted, separated from 
the cell tissue by straining and stored in a suitable manner. 

Properties, — Melting-Point, — 45° C. 

Setting-Point, — 35° C, the temperature rising thereon to 
40° C. In the natural state it is of a reddish colour (owing 
to the numerous blood-vessels by which it is traversed), hard, 
tallowy and exhibits a granular structure when set after 
melting. It consists of about 70 per cent, of palmitin and 
stearine and 30 per cent, of olein, is imperfectly soluble in 
boiling alcohol and also harder to dissolve in ether than is 
the case with tallow ; moreover, it becomes rancid more 
readily than the latter. 

Uses. — For alimental purposes, as an addition to soups, 
which it strengthens ; in cosmetics, for pomades, ointments, 
etc. 

Turtle Oil (Schildkrotenol). 

Raw Material. — The eggs of the green and giant turtles 
of Jamaica and the Seychelles, and also those of the edible 
turtle. According to Brooks, it is obtained from the fat of 
these animals as well. 



Digitized by 



Google 



ANIMAL FATS AND OILS. 137 

Preparation. — Turtle oil, or more correctly, turtle-egg oil, is 
prepared by crushing the eggs with a forked wooden instru- 
ment in an empty bucket and pouring water on the mass, 
whereupon, after a few hours' exposure to the heat of the sun, 
the oil collects on the surface of the water. Six thousand 
turtle eggs yield only 5 galls, of oil ; and as 50,000 galls, of oil 
are annually despatched to Para from the Orinoco, the 
Amazon and the Eio Negro, and 60,000 galls, are consumed 
by the native population preparing the oil, it will be evident 
that the turtles, which frequent the same sandbanks from 
year to year and lay 120 eggs apiece three times during the 
season, have extraordinary reproductive capacities. 

When turtle oil is obtained from the flesh by boiling, the 
yield is uncommonly large, a single turtle often producing 10 
galls, of oil, so the output of 60,000 galls, at the Seychelle 
Islands is not very difficult of accomplishment. 

In Jamaica, also, the oil is prepared from the flesh of the 
turtle, presumably from Chelonia Cahonana, Seychelle oil is 
superior in flavour, and might, if its alleged properties are 
substantiated, form a substitute for cod-liver oil. 

Hog's Labd (Schweinefett, Schmalz). 

Haia Material. — The fatty portions of the hog, and 
especially those lying beneath the skin and between the in- 
testines. The quality of the fat varies with the part of the 
body from whence it is derived ; that from the exterior fatty 
integument of the hog, surrounding the entire carcase of the 
animal immediately below the skin (especially on the back 
and sides), is more solid and curdy, though, at the same time, 
more easily melted out than that from the interior of the 
body along the ribs, the intestines and kidneys, which is 
generally known under the names of leaf, loin, kidney fat 
(Schmeer, Liesen, Lendenfett, Nierenfett, Filz). The proper 
preparation and assortment of hog's lard and the raw 
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material therefor is very important. January and February 
are the best months, the fat being then more consistent 
than during the warmer seasons of the year. Apparently 
the colder season, as a result of increased respiration of 
the denser air, has an influence in rendering the deposited 
fat poorer in hydrogen and richer in carbon, the hydrogen, by 
reason of its greater aflSnity for oxygen, being the first to 
enter into combination with the latter during respiration 
at low temperatures. Winter fat is accordingly richer in 
stearine, whilst summer fat contains more olein. The method 
of feeding and the health of the animal also exert a not un- 
important influence on the constitution of hog fat, so that 
soft and greasy fat is also met with in winter. Pigs fed ex- 
clusively on acorns always yield a somewhat yellowish fat. 
Lard in the greatest quantity and of the best quality, both as 
regards consistency and appearance, is supplied by the intes- 
tinal fat of young pigs, this fat consisting mainly of cell 
capsules enclosing the pure fat and requiring to be broken 
before the melting process. 

Preparation. — Hog fat is prepared in the same manner as 
tallow, by carefully melting the raw material and separating 
it from the cellular tissue and other residual fleshy matter. 
The fatty substance intended for melting is freed as well as 
possible from all adherent pieces of skin, sinews and flesh, 
and then cut into small cubes with knives or in the cutting 
machine, the material so prepared being repeatedly washed 
with water until the washings run away clear and colourless, 
after which it is transferred to the melting pan. This is 
generally of well-tinned copper, and is heated by direct 
fire, though steam-jacketed enamelled iron or large stone- 
ware pans may be employed. The melting fat is constantly 
jBtirred with large wooden paddles, the work being con- 
tinued until the liquid has become perfectly clear and all 
the water is evaporated. The clear fat is then poured 
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through straining cloths, stretched on frames, into the storage 
or transport vessels, and after being slightly cooled is stirred 
until it has become white and opaque, although still thickly 
fluid. If the fat were allowed to simply set by itself, the 
contraction occurring in congelation would give rise to 
fissures in the mass, which would admit air to the interior 
and thus unfavourably influence the keeping quality. When, 
on the other hand, it is stirred until completely set, then so 
much air is stirred in that all cannot escape, and rancidity is 
still further facihtated. The stirring must therefore be dis- 
continued at the proper time, whilst the fat is still soft 
enough to run together without leaving any interstitial 
spaces. When this particular method of cooling is not 
adopted a quantity of oily fat congregates on the surface and, 
being readily liable to alteration by rancidity, exerts an un- 
favourable influence on the consistency of the subjacent 
mass. 

The residual matters (fragments of tissue, greaves) left 
behind in the straining cloths and in the pan are heated 
again in the pan to a somewhat higher temperature and 
then pressed in a so-called greaves-press, leaving the solid 
portions behind as greaves. The resulting fat is generally 
somewhat coloured and possessed of a peculiar roast smell. 
In the large hog-slaughtering establishments in America the 
fat is generally melted in apparatus similar to that described 
on p. 116 et seq,, and heated by steam under pressure, the pre- 
cautions necessary in the case of tallow melting being, however, 
dispensed with, owing to the absence of any unpleasant smell. 

The greaves are used as an inferior food stuff and fed to 
cattle, or, when obtained in large quantities, employed for 
the manufacture of potassium ferrocyanide. 

Properties,— Sp, gr. at 15° C, 0-931-0-932 (Hager), 09880 ; 
at 50° C, 0-8818; at 69° C, 0-8814; at 94° C, 0*8628 
<Saussure) ; at 100° C. (water at 15° C. = 1), 0-861 (Konig). 
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MelHnff-Point.—26'-3r C. (Berzelius), 40*5° (Buff), 41-5°- 
42° (Wimmel), 42°-48° C. (Konig). It begins to set at 26° C, 
the thermometer rising to 30° C. (Schaedler). 

Melting-Point of the Fatty Acids. — 35° C. 

Setting-Point of the Fatty Acids, — 34° C. (Mayer). 

Hehner Number. — 96*15 (West Knight). 

Saponification Value, — l^b'S (Kottstorffer), 195*3 -196-6 
(Valenta). 

Iodine Nuviber, — 59*0 (Hiibl). 

Hog fat consists of olein, palmitin and stearine, and con- 
tains, according to Allen and Thomson, 0*23 per cent, of un- 
saponifiable matters. The olein content — as calculated from 
the iodine number, 59*0 — is 68*4 per cent. ; Braconnet states, 
it as 62 per cent. Hog fat very quickly turns rancid on ex- 
posure to air, and in that condition will absorb copper or 
lead from coppered vessels or those coated with lead enamels, 
and thereby becomes poisonous. To test for these metals 
the fat is digested with acetic acid, and a part of the acid 
treated with yellow prussiate of potash (potassium fer- 
rocyanide). A brown coloration indicates copper, whilst 
lead is revealed by the white precipitate produced by dilute 
sulphuric acid in a second portion of the acid extract. 

Hog fat is soluble in 27 parts of absolute alcohol or 35 
parts of alcohol of sp. gr. 0*9128, also in ether, chloroform, 
carbon bisulphide, hot benzine and warm petroleum spirit- 
When fresh, it has a neutral or very faint acid reaction, and 
yields on saponification and subsequent decomposition of the 
product 8*8 per cent, of glycerine and 95*90 per cent, of 
stearic, palmitic and oleic acids. Of this 104*70 per cent.,. 
4*7 per cent, represents water absorbed in the production of 
glycerine and acids. 

The colour of hog's lard is white, granular and of salvy 
or pappy consistency, with an agreeable, rather sweet, fatty 
taste. It runs when held between the fingers, and on re-^ 
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cooling after melting assumes a crystalline structure. It 
may be separated by pressure at 0° C. into a liquid, lard oil 
(schmalzol speckol, huile de graisse), and a solid portion, 
solar-stearine, the latter product finding employment in 
candle-making. 

Adulterations, — One of the most common methods of 
falsification is the incorporation of an excess of water to in- 
crease the weight. The readiest means of detecting this is 
by carefully melting a sample and leaving it to stand in a 
moderately warm place, whereupon the water will separate 
out. For increasing the weight of the fat the following ad- 
ditions are used : soda solution, potash solution and soda lye, 
all of which whiten the fat ; also chalk, alum, clay, common 
salt and starch. Furthermore, alum or lime is added to 
lards already mixed with water, 1 per cent, of lime or 2-5 
per cent, of alum being able to mask the presence of 12 or 15 
per cent, of water. Other fats, notably beef tallow, are also 
added, and in America adulteration with cotton-seed oil is 
practised on a large scale. 

Examinatioiu — The method of detecting water has already 
been described. To identify chalk, clay or alum, a 100 grm. 
sample of the fat is melted at 69°-70° C. along with the 
same amount, or half as much again, of water, frequently 
stirred, and then set aside for a few hours. Chalk or clay, if 
present, will subside ; common salt (sodium chloride) will be 
revealed by the white precipitate produced in the aqueous 
solution by acid silver nitrate; alum^ by the voluminous 
precipitate with ammonia and the white precipitate with 
barium chloride ; soda or potash solution or lyes, by the pre- 
cipitates with calcium chloride ; and the last-named bodies 
in particular by the yellow coloration given with mercuric 
chloride. 

Admixtures of starch and meal give a blue coloration with 
iodine solution. Occasionally, tallow is employed to falsify 
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lard, and can be identified by microscopic examination, since, 
whereas lard crystallises from an ethereal solution as rhom- 
boidal lamellae with angular corners cut- off slantwise, the 
crystals of tallow are plum-shaped or curved like an S. An 
idea of the relative proportions of the two constituents can 
be obtained from the number of the crystals. 

According to Schaedler, the manufacture of lard for ali- 
mental purposes, pursued on such a large scale in America, 
has unfortunately led to the shipment to Europe of enor- 
mous quantities of lard falsified by the addition of other fats. 
It is only in quite recent times that this adjunctive adultera- 
tion industry has somewhat receded, as a result of stringent 
regulations on the part of the American authorities. Never- 
theless, a respectable amount is still sent over, particularly 
to Germany. 

The detection of this form of adulteration necessitates a 
very searching investigation. The fat most frequently added 
to lard is refined cotton-seed oil, with which are mixed 
suitable quantities of beef tallow or beef stearine to compen- 
sate its high iodine number. The use of other oils, instead 
of that from cotton-seed, is naturally not precluded when the 
state of prices permits. A number of simple reagents have 
been proposed for the detection of such additions, among 
them being alcoholic silver nitrate solution. Pure lard will 
stand this test, but not lard that has been prepared, even 
with the most scrupulous precaution, on a small scale. 
Although the usual commercial brands will not stand this 
test, one is not therefore justified in considering them as 
necessarily adulterated, since very minute quantities of ex- 
traneous substances are sufficient to produce discoloration of 
the silver nitrate, and such quantities are always present in 
the commercial grades of lard. The same applies to molybdic 
acid solution, this test, also, being so delicate that the majority 
of commercial qualities of lard will not pass. It is per- 
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formed as follows : To 1 grm. of the suspected fat, dis- 
solved in about 5 c.c. of chloroform, are added 2 or 3 c.c. of a 
solution of pure sodium phospho-molybdate, and the whole 
shaken up. After a few minutes' rest the two liquids will 
have separated again, and the reagent solution overlaying 
the chloroform will be found coloured a more or less intense 
green to greenish-blue, according to the percentage of re- 
ducing substances in the lard. The same applies equally to 
the so-called Hirschsohn reaction for detecting cotton-seed 
oil, of which it is said to reveal down to 5 per cent. To 5 
grms. of the suspected fat are added 5 or 6 drops of a solu- 
tion of 1 grm. of gold chloride in 200 grms. of chloroform, 
the mixture being shaken up and immersed in boiling water 
for twenty minutes. In presence of cotton-seed oil the liquid 
will appear rose-colour to red by reflected light and greenish 
by transmitted light. 

Lead acetate has also been recommended as a reagent, 
and is said to produce a more or less orange-red coloration 
when ammonia is added to the agitated mixture of acetate 
and melted fats. These reactions are all, however, un- 
certain, and the only sure means of forming an accurate de- 
cision is by a comprehensive examination embracing : — 

1. The microscopic appearance of the melted and re- 
crystallised fat ; 

2. The melting-point ; 

3. The saponification value ; 

4. The melting- and setting-points of the fatty acids ; 

5. The iodine number. 

In connection with the iodine number of lard, it should 
be mentioned that it does not always enable an accurate con- 
clusion to be drawn, the reason for this being the variable 
quantity of lard oil present, the iodine number of which is 
much higher than that of the fat. Moreover certain not 
unimportant deviations are exhibited in the lards obtained 



Digitized by 



Google 



144 ANIMAL FATS AND OILS. 

from various portions of the body of the hog. Thus Dietrich 
found lard from dripping to have an iodine number of 47*5 to 
55*3 and that from bacon 600. In individual instances, 
however, the iodine number can be utilised in the determi- 
nation of lard. 

For the detection of solid fats in mixtures of vegetable 
and animal fats, Dr. Wainwright elaborated the following 
method : — 

The mixture is subjected to pressure at the ordinary 
temperature (about 70° F.) of the laboratory, temperatures 
much higher or lower than this impairing the accuracy of 
the results, since at 60° F. large quantities of the compounds 
with higher melting-points are retained, whilst at 80° F. and 
above many of the lower melting constituents are removed. 
The method was specially devised for the separation of arti- 
ficial lard composed of cotton-seed oil, hog's lard and stearine, 
and for the express purpose of determining the percentage 
of oleostearine, which, in presence of hog's lard, cannot be 
done by existing methods wherein use is made of the iodine 
number and other constants. By Wainwright's method, 
however, the estimation can be performed to within 1 per 
cent., a greater margin of error being, nevertheless, admissible 
until the method has been further elaborated. 

■ Dr. A. Goske investigated hog's lard, particular regard 
being paid to the detection of tallow by crystallisation. The 
earlier experiments were performed on steam lard (American 
crude lard) and the so-called neutral lard (the edible lard) 
prepared therefrom, both of which can be readily examined 
for tallow by crystallisation. In the case of butchers' lard, 
other conditions obtain, the crystals forming herein exhibit- 
ing marked differences compared with those from American 
lard. By dissolving the fat in ether and allowing it to re- 
crystalUse, the crystals obtained in the absence of tallow are 
lamellar with sloping edges, whereas when tallow is present 
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they take the form of aggregations of small needles. The 
result of the crystallisation is in a measure dependent on 
the temperature prevailing and on the amount of fat in the 
solution ; the smaller the quantity of fat and the higher the 
temperature the better do the crystals come out. It is best 
to take not more than 1 grm. of lard and to leave it to stand 
at 12° to 13° C, since if the solution be set at lower tempera- 
tures {e.g., 4° C. and under), good and characteristic crystals 
vrill never be obtained. 

When the crystallisation has been satisfactorily per- 
formed, the crystals of pure steam lard appear, under the 
microscope, as large sharply-defined plates, often up to J mm. 
wide, their mass being here and there interspersed with aggre- 
gations of long black-looking needles, though slight modifi- 
cations of this ordinary type may occur. Lard containing 
tallow crystallises in small fascicles of needles starting from 
a common centre, and varying from brown to black in ap- 
pearance. The hard crystalline aggregations observable are 
composed exclusively of beef stearine, the hog stearine re- 
maining in solution, for which reason lamellae are never 
observed when tallow is present. Latterly, oleomargarine is, 
on occasion, employed as an adulterant, in which event the 
appearance of the crystals as a whole differs from that pre- 
sented in the case of lard mixed with press tallow. 

Butchers' tallow shows a remarkable difference in crystal- 
line habit, in that no true lard stearine lamellae can be ob- 
tained therefrom, their presence being at most merely indi- 
cated. " Butchers' tallow crystallises in needles/' which are 
considerably longer than tallow needles, frequently felted or 
fascicular, and occasionally resting on a common stalk. 
Goske's researches also aimed at elucidating the reason why 
American lard is richer in olein than butchers' lard, but 
failed to realise their object. 

With regard to the detection of oil in lard, Goske partly 

10 



Digitized by 



Google 



146 ANIMAL FATS AND OILS. 

abandoned the use of phospho-molybdate, since this reagent 
is reduced by any lard that is somewhat old. On the other 
hand, Becchi's reaction was found useful when performed in 
the following manner, fat that was as much as three or four 
months old, and had been left exposed and had thereby 
acquired a repellent smell, exhibiting no reducing action* 
In cotton-seed oil the reducing power appears to diminish 
with age. The reaction is performed in the manner recom- 
mended by the Italian Committee, the following solutions 
being used separately : — 

(1) 1 grm. of silver nitrate dissolved in 200 c.c. of 98 per 
cent, alcohol, 40 c.c. of ether and 01 of nitrate acid ; 

(2) 15 c.c. of colza oil in 100 c.c. of amyl alcohol. 
Equal parts (5 c.c.) of fat and solution No. 2 with ^ c.c. 

of solution No. 1 are heated for a quarter of an hour in a, 
briskly boiling water bath. 

For observing the reaction the test tube is held in front 
of a sheet of white paper. However, in doubtful cases, 
where no decided brown coloration is produced, one must not 
rest contented with the Becchi reaction alone. Under these 
circumstances the pressure method recommended by Goske 
in 1892 finds employment. The fat, say 1 lb. (or about | 
kilo), is melted and allowed to set gradually in an oven at 
26° to 30° C, being then slowly pressed between cloths in a 
spindle press, and the reaction repeated with the expressed 
oil concurrently with a sample of the original fat. If the 
colour of both liquids is the same faint brownish-yellow, the 
presence of cotton-seed oil may be considered as almost in- 
dubitably proved. 

Jean's method of testing hog fat and fatty oils is based 
both on the refract ometer test for the liquid fatty acids of the 
product under examination and on the determination of their 
saponification value. The liquid fatty acids are isolated 
from the total fatty acids by conversion into zinc soaps (by 
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agitating the carbon bisulphide solution with zinc oxide) 
and subsequently decomposing the compound. Hog fat 
mixed with vegetable oils can be recognised by its fatty 
acids producing a smaller deviation than — 30°, the saponifi- 
cation value being at the same time below 190-191. 

The subjoined figures were obtained by E. Spath in the 
examination of hog fat, beef tallow and cotton-seed oil : — 









Iodine Number. 


Acetyl Acid Number. 


Hog fat, self-run 


- 


- 


58-7-69-8 


201 •7-208-1 


Older hog fat - 


- 


- 


52-0-52-4 


198-9-199-2 


Alimental fat - 


- 


- 


63-8 


196-0 


Beef tallow, self-run - 


- 


- 


43-3 


196-9-199 -0 


Cotton-seed oil, fresh 


- 


- 


- 102-6 


193-3-196-2 


„ „ older - 


- 


- 


99-7 


193-0 


Mixture : 60 parts hog 


fat. 


20 






parts beef tallow and 20 parts 






cotton-seed oil 






62-0 
Acetyl 


190-6-192-1 








Saponification Value. Acetyl Number. 


Hog fat, self-run 


- 


- 


207-2-207-6 


4-56-6-5 


Older hog fat 


- 


- 


204-3-205-2 


5-4-6-0 


Alimental fat 


- 


- 


205-7 


9-T 


Beef tallow, self-run - 


- 


- 


201-8-204-7 


4-4-5-7 


Cotton-seed oil, fresh 


- 


- 


213-3-217-0 


20-0.20-g 


„ older - 


- 


- 


216-0 


23-0 


Mixture : 60 parts hog 


fat, 


20 






parts beef tallow and 20 parts 






cotton-seed oil 


- 


- 


200-2-204-3 


10-4-12-2 



Dr. Mansfeld says, with regard to the examination of 
hog fat : " The difficulties in testing the purity of hog fat re- 
side, not merely in the manifold, and mostly complex, 
methods of falsification practised, but also in the great 
variations existing in the figures reported in the Uterature 
of the subject". 

The ordinary examination extends, in addition to the 
tests for coarser admixtures (water, mineral matter, etc.), to 
the purity of the fat as well. For this purpose the deter- 
mination of the iodine number and refractometer index 
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occupy the first rank. The former exhibits (in the case of 
the hog fats dealt in at Vienna) none of the fluctuations 
reported in the literature of the subject. The fat obtained 
from the interior portions exhibits a constant iodine number 
of 59 to 62, and the refractometer index (Zeiss* butyro-re- 
fractometer) scales oO°'5V at 40" C. Deviations from these 
figures afford grounds for suspecting the fat, lower figures 
indicating an admixture of beef tallow, an adulteration 
common in Vienna. This is confirmed by the crystallisa- 
tion test, for which purpose benzol has proved the most 
suitable solvent. 

In testing for vegetable oils the Becchi and Welman's 
reactions are employed, but require a little care, since the 
reactions may be faintly manifested even by pure hog fat. 
Clear filtration of the fat is particularly essential. Since, 
in the case of complex adulterations, a fat may give a 
normal iodine number, these qualitative tests should be 
invariably performed. In such instances a more detailed 
examination of the fatty acids affords an explanation, as the 
following constants show : — 

Melting-Point.— S&'-^O'' C. 

Setting-Point.— Sb^'SS" C. 

Iodine Number, — 63-64. 

Refractometer Index at 40 "* C. — 34-36. 

The quantitative calculation of the proportions in the 
mixture necessitates the preparation of the liquid fatty acids. 
A process differing somewhat from that hitherto employed 
for the preparation of the lead soaps, and one that is used 
in the laboratory of the Paris Bourse, is given below. 

About 10 grms. of the solid fatty acids are dissolved in 
100 c.c. of ether, and 3 grms. of zinc oxide are added, the 
whole being then well shaken up for some time : zinc soaps 
are formed, of which the oleates are soluble in ether. The 
solution is then filtered by the aid of an aspirator, the ether 
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removed by distillation and the residue mixed with 20 c.c. of 
hot dilute hydrochloric acid (1 : 4). Thereupon it is washed 
twice with hot water in a separating funnel and filtered and 
dried as described above. 

Pure hog fat gives the following figures : — 

Iodine number of the oleic acid, about 92. 

Eefractometer index, 44-45. 

In the case of mixtures containing vegetable oils, both 
sets of figures are considerably increased in consequence of 
the presence of linolic acids. 

Uses. — Medicinal : for ointments ; cosmetic : for pomades, 
creams, etc. ; alimental purposes : as edible fat and for cook- 
ing and frying. 

Labd Oil (Schmalzql, Speckol). 

By pressing hog's lard at zero C. lard oil, which does not 
set even at comparatively low temperatures, is obtained, 
leaving behind tallow (margarine, palmitin and stearine). Lard 
oil is thinly fluid like olive oil, pale yellow, and still contains 
(according to the method used and care exercised in its 
preparation) very variable quantities of palmitin and stearine, 
on which account its specific gravity and setting-point 
fluctuate considerably. Commercial lard oils have a specific 
gravity of 0*9165 to 0*9200 at 15° C. and a setting-point of 
— 1° to — 5° C. This oil finds employment as an edible oil 
and for lubricating purposes, as well as extensive use for 
wool-softening, replacing oHve oil and spermaceti owing to 
its lower price, and being also used in France, England and 
America for adulterating these oils. The solid portion left 
behind in the hydraulic press forms a very suitable material 
for candle-making, and as solar stearine — coming (like lard 
oil) principally from America (Cincinnati) — finds a market 
in England, France and Germany. 
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Tallow, Beef Tallow (Talg, Eindstalg, Ochsentalg, 

Unschlitt). 

Ra%o Material, — The fat of ruminating animals (oxen, 
cows, steers, calves), which is enclosed in the cellular tissue 
and is still commingled with particles of skin or blood in 
larger or smaller quantities. As soon as the beast has been 
slaughtered, flayed and cut up, the fat is sorted into crude 
prime (Eohkern) and crude cuttings (Eohausschnitt). The 
former, the kidney fat, comprises the greater coherent fat 
masses which are designated, according to their position in 
the body, as intestinal fat, heart fat, lung fat, neck fat, purse 
fat (from the scrotum) and kidney fat, and is almost pure fat, 
free from particles of blood and flesh. 

To the second category belong the waste fats, copiously 
interspersed with portions of blood and skin, from the limbs, 
etc. These crude cuttings come into the melter's hands in 
a comparatively fresh state, whereas the waste bits sepa- 
rated from the meat in trimming up are collected and some- 
times have begun to putrefy, by reason of the long time they 
have been saved up to make a respectable quantity for 
delivery to the melter. If only a little more care were taken 
in storing the fat, by hanging the pieces up to cool and dry 
separately instead of throwing them into a heap whilst still 
warm, the very rapid putrefaction of the particles of blood, 
flesh and cellular tissue would be prevented and the fat- 
melting process no longer attended with such malodorous 
exhalations. 

Also, in tallow-melting works themselves, large parcels 
which cannot be worked up at once could be preserved, by 
suitable cold storage and salting, to postpone, for a few days 
at any rate, the decomposition of the nitrogenous matters. 
For the preservation of crude tallow destined for aUmental 
purposes, Schaedler proposes the following method : The 
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fat is placed in vats containing water and 3 to 4 per cent, of 
leaven and is there left, the leaven undergoing continual de- 
composition and thereby protecting the fat from atmospheric 
oxygen. The acids — acetic and lactic acid — formed, dissolve 
the animal membrane and expose the fat, so that the residue 
left behind in the ensuing process of melting is but small. 
The residual water must be treated like manure heap 
drainings. 

Preparing the Tallow, — By melting the crude tallow and 
pressing the residual cellular tissue, particles of flesh, etc. 

For the rational utilisation of the crude tallow it must b^ 
reduced to small pieces, because the fat is not Inerely mixed 
.with tissue but also enclosed in cell capsules ; by this treat- 
ment the capsules are ruptured and the outflow of the fat 
facilitated. The comminution — which is mostly into small 
cubes — is effected either on wooden blocks and with a 
straight-edged chopper or in a kind of stamping trough with 
a pestle or pounder having an S-shaped cutting edge, an 
arrangement such as is sometimes used for cutting up roots 
for fodder. Another form is a knife worked on a hinge with 
one hand, whilst the fat is laid on the block with the other. 
In England edge runners are used for crushing and breaking 
down the cellular tissue. Fat cutters with rotating knives 
(see Figs. 3 and 4) are suited for performing the operation 
by machinery. 

Three different methods are pursued in melting out the 
fat:— 

1. The ordinary melting in an open pan over direct firje 
(the so-called greaves method or dry rendering) ; ^ 

2. Melting with dilute sulphuric acid over direct fire (wet 
rendering) ; 

3. Melting by steam or in a closed apparatus of any kind. 
As in the case of other factories, tallow-melting works 

are subject to certain official sanitary regulations which 
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either prohibit the work being carried on in inhabited dis- 
tricts or permit it only under restrictions chiefly concerned 
with the suppression of the insupportable exhalations at- 
tendant on this industry. Melting over direct fire is now 
confined to small works, larger factories employing only the 
methods specified under 2 and 3. 

1. Melting in Open Pans over Direct Fire {Rendering), 

In this, the oldest method of all, a sheet-iron or copper 
pan is set in brickwork so that the flame touches the bottom 
only, since otherwise the fatty mass would become too 
strongly heated. The crude tallow, along with a small per- 
centage of water, is placed in the pan and the fire kindled ; 
the fat soon begins to run and finally forms a liquid rendered 
somewhat milky in appearance by the water initially present 
in the tallow and that added thereto. The expansion of the 
fat, in liquefying, ruptures the cellular envelopes, which then, 
under the influence of the continual heat and the evaporation 
of the water, contract and form, as it were, crumbs (the 
greaves) floating about in the fatty mass, the latter by de- 
grees becoming clear. According to the size of the pan and 
the strength of the fire, as well as the amount of water 
present, the operation lasts from one to several hours, the 
mass having to be continually stirred with wooden paddles 
to prevent the residual tissue subsiding to the bottom of the 
pan and becoming carbonised. When the fat flows quietly 
and seems clear the pan is emptied and the greaves separated, 
to which end a strong sieve of sheet-copper of a diameter 
corresponding with that of the pan is placed in the latter 
and pressed downwards by means of the handles, so that the 
liquid fat rises through the perforations whilst the greaves 
are forced to the bottom. The tallow is then ladled out or 
run off, through a tap at a convenient height at the side of 
the pan, into a ^vooden vat or other suitable vessel covered 
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with a filter cloth stretched over a frame or laid on a perfo- 
rated plate, so that any residual particles of tissue still in the 
fat are retained, and the tallow freed from all solid matter. 
If the tallow is to be refined at once it can be run off into a 
second pan standing at a lower level. 

In the melting pan there remain the greaves with some 
adherent fat — it being impossible to remove all the fat, how- 
ever well the copper sieve may have been forced into the 




Fig. 58. Press for Greaves. — A, sheet-iron trough ; B, discharge pipe ; C, col- 
lecting dish ; D, cylinder ; E, frame ; F, press head ; G, screw spindle ; 
H, screw socket ; J, lever. 

mass — and these are now subjected to pressure, the contents 
of the pan being filled into press-bags of woollen or horse- 
hair cloth which are then placed in the greaves press. One 
of the oldest forms of press employed for this purpose is the 
screw press shown in Fig. 58. In this the press-bag con- 
taining greaves is placed in the cylinder D, which is made 
in two halves connected by screws, and consists of plaited 
strong iron wire or perforated plate strengthened by iron 
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struts. It is open at both ends and stands in a sheet-iron 
trough A fitted with an outflow nozzle B. At the upper end 
the press head F fits accurately in the cyUnder and is moved 
up and down by the strong screw spindle G working in the 
socket H on the cross beams of the press frame and driven 
by the lever J, thus exerting a strong pressure on the 
greaves and expressing the fat. 




Fig. 59. Greaves Press with Ratchet Lever Gear. 

Improved presses for greaves are displayed in Figs. 59 
and 60, that with ratchet lever gear furnishing very good 
results. Other presses, notably hydraulic presses, may of 
course be also used for the same purpose. 

The greaves presses are always placed near the melting 
pans or in some other warm situation, in order to prevent 
the tallow from setting. The yield obtained by melting 
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•crude tallow amounts to 80-82 per cent, of tallow and 10-15 
per cent, of residue (greaves) ; very pure and dry crude 
tallows — kidney suet — yield 90 per cent, and upwards of 
pure tallow. The loaf or cake tallow is obtained from the 




Fig. 60. Greavea Press. 

melted tallow ladled out of the pan and poured into wooden 
vessels, the yellow-coloured product from the pressing of the 
Reaves forming cask tallow. 

Occasionally a weak brine is added to the tallow in the 
jnelting pan, but its sole action is to produce a rise of tem- 
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perature. The pure white tallow is known as *' virgin 
tallow/' that from the press being " greave tallow" or 
" second runnings ". 

The greaves, even when most carefully pressed, still re- 
tain up to 10 per cent, of fat. Formerly the very brown or 
carbonised greaves were much used as fuel and the better 
kinds given to pigs and poulti^; but in large works, where they 
are produced in quantity, they are now extracted by carbon 
bisulphide, benzine, etc., and the product employed as a 
lubricant. The residual greaves, which, when no carbonisa- 
tion has occurred in the melting process, consist of pure 
cellular tissue, may be worked up for glue, ferrocyanide, 
ammonia, manure or nitrogenous charcoal. 

As has already been mentioned, malodorous vapours and 
gases are evolved into the air during the melting of tallow 
in open pans and infect the neighbourhood. These gases 
and vapours contain, in addition to volatile acids (acetic 
acid and butyric acid), the constituents of the empyreu- 
matic animal oils, such as ammonium cyanide, ammonium 
sulphide, sulphuretted hydrogen, pyridin, picolin, lutidin, 
etc. Acrolein vapours should not, however, occur, their 
formation requiring a higher temperature than is necessary 
for melting tallow. 

The inconveniences resulting from the open melting of 
crude tallow can be obviated by means of suitable contri- 
vances. These comprise a tight-fitting pan lid provided with 
a flue pipe, through which the vapours can be drawn into the 
smoke stack and discharged into the air at higher levels. 

A stirring apparatus, worked from the outside, must, of 
course, be employed. The gases can also be exhausted 
direct by a current of air. Appliances constructed on these 
or similar principles are suppHed by Thomson, Errard, 
D'Arcet, Wilson, Buff, Fourle and others. 

According to Schaedler, the process of melting along 



Digitized by 



Google 



ANIMAL FATS AND OILS. 157 

with caustic soda is greatly underestimated, notwithstanding 
that the malodorous fatty acids are, by this method, brought 
into combination. The temperature need not exceed 100° 
C, 100 parts of fat being mixed with an equal weight of a 1 
to 1^ per cent, caustic soda lye and heated by a current of 
steam. The cellular tissue is greatly distended by the alkali, 
and the floating fat, after being kept in the liquid condition 
for a few hours to clarify, is washed with water, 95 per cent, 
of an inodorous fat being obtainable by this means. The 
alkaline water when subsequently treated with acids gives 
off an odour of the volatile fatty acids in the original fat. 
This method is, however, unsuitable for very old fats, 
ammonia being in such case evolved. The mass froths up 
greatly when heated and the separation of the fat from the 
emulsion of lye is attended with much difficulty. 

2. Melting with Dilute Sidphuric Add. 

D'Arcet prefers to melt tallow along with dilute sulphuric 
acid, 100 parts of tallow being, as a rule, employed with 50 
of water and 1 of sulphuric acid (specific gravity, 1*848). 
When the mixture has been heated during several hours, to 
such a degree that the dilute acid boils continuously, the 
total quantity of fat will be gradually obtained floating on 
the surface, because the cells of the fatty tissue are, for the 
most part, destroyed, and the fat liberated. On examining 
the greaves under the microscope it will be found that the 
still unbroken cells no longer contain fat, but are filled with 
dilute sulphuric acid, which has penetrated into the interior 
and expelled the fat thereform. 

D'Arcet's process presents the advantage of recovering 
the whole of the fat without the necessity of pressing the 
greaves, since the latter merely contain dilute sulphuric acid. 
It is, however, an inconvenience in this process that the 
resulting greaves can no longer be exclusively employed as 
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fodder, though it is erroneous to assert that they are alto- 
gether unfit for that purpose, since numerous experiments- 
have demonstrated that such acid greaves, when mixed with 
other food stuffs, can very well be used for feeding pigs 
without the latter losing their appetite or the power of laying 
on flesh. The chief drawback to the D'Arcet process is that 
iron vessels, being rapidly corroded by the sulphuric acid, can- 
not be used, and recourse must be had to materials {e.g., lead) 
unattacked or only inappreciably affected by this acid. To 
avoid making the vessels too heavy, as they would be if con- 
structed of lead alone, iron pans are lined internally with 
sheet lead a few millimetres in thickness, the joints of th6 
plates being of course closed by pure molten lead. When 
steam is available the treatment of tallow by the sulphuric 
acid process can be carried on in lead-lined wooden vats, or 
when wooden vessels are easily procurable the leaden lining 
may be omitted, since these vessels, especially when made 
of woods rich in resinous matter, can be used for a relatively 
long time. 

Stein's Tallow-Melting Process. 

According to Stein, the pans serving for melting the 
tallow should be fitted with a grated false bottom to support 
the greaves and prevent their charring, the employment of 
stirrers thus becoming unnecessary. The pan is fitted with 
a lid perforated and covered with a linen cloth supporting 
a layer (3-3| inches thick) of alternating strata of lime and 
charcoal, through which the evolved gases ascend and are 
thereby deodorised. 

This disinfecting layer must be renewed each time the 
pan is charged afresh, a troublesome task and one disturbing 
the regularity of the work. Burning the vapours always 
affords the most satisfactory prospect. 
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Eovard's Tallow-Melting Process. 

Rovard employs for the destruction of the cellular tissue 
a substance, viz., caustic soda, that acts even more energeti- 
cally than sulphuric acid on organic substances. As is well 
known, caustic soda in common with the other caustic alkalis 
has the power of dissolving animal integuments with ease. 
Since, however, the alkalis also possess the power of saponi- 
fying fats, a considerable loss of fatty matter would ensue, 
from saponification, were a large quantity of caustic soda 
employed, soaps soluble in the water used for melting being 
formed ; but if the caustic alkali be employed merely in 
small proportion the saponification of the tallow need not be 
feared, very dilute solutions of alkali attacking the fat only 
after somewhat prolonged boiling, whilst the complete de- 
struction of the cell capsules is accomplished much sooner. 

The use of caustic soda is undoubtedly preferable to sul- 
phuric acid in tallow melting, the yield of tallow obtained 
thereby being the highest possible. A drawback — though 
not one to be greatly emphasized — to this method is that 
the greaves are lost, and the liquor containing the decom- 
posed cellular substance cannot be used for any other purpose 
than the watering of dung heaps. 

The process, as originated by Eovard, contemplated the 
use of alkali carbonates, but there are many reasons for pre- 
ferring to employ the alkali in the caustic condition, since 
though the carbonates have, it is true, the power of destroy- 
ing the cellular tissue, the operation is a much more pro- 
tracted one than in the case of caustic alkalis. Moreover, 
the use of carbonates in nowise precludes loss of fatty 
matter, the solution of these salts being capable of emulsi- 
fying the fat and dividing it into extremely fine globules, 
thus forming a milky liquid. 

The quantities of caustic soda to be used in this process 
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are relatively minute, 1 part dissolved in 100-200 parts of 
water being generally quite sufficient per 1000 parts of 
tallow. Only when the tallow under treatment contains a 
somewhat large proportion of cellular tissue may a rather 
larger quantity of caustic soda be taken ; otherwise the 
boiling must be carried on for a longer time. 

3. Melting hy Steam, 

Naturally, the melting of crude tallow by the aid of steam 
in closed vessels offers the greatest security for inodorous 
working and most complete utilisation of the materials, on 
which account this method cannot be too warmly recom- 
mended. Various appliances have been constructed for this 
object, notably those of Gellhorn, Flottmann & Co., Lockwood 
& Everitt, Eivoir, Heintschel and others, as already illustrated 
and fully described in an earlier section of the present work. 

Properties of Tallow, — Beef tallow is hard and solid, pale 
yellow or white, tasteless and inodorous in the fresh state, 
but assuming after a short time a rather unpleasant char- 
acteristic smell, without, however, becoming rancid. It is 
insoluble in cold alcohol but dissolves in boiling alcohol of 
specific gravity 0*822, as also in ether, chloroform, warm 
benzine and ethereal oils. The elemental composition is : — 

Carbon 76*50 per cent. 

Hydrogen 11*91 „ 

Oxygen 1169 „ 



10-000 



Specijic Gravity at 15° C. : 0'952-0-953 (Hager) ; at 100° 
C. : 0-860-0-8661 (Wolkenhaar), 0*860 (Konig). 

Melting-Poi7U,—4Q'S'-4^&(f C. ; older tallow : 43-5° (Schaed- 
ler) ; 45°.46° C, often 42°-43° but never below 40' C. (Wolken- 
haar) ; 43-5°-45° C, setting at 27°-35° C, the temperature 
rising a few degrees without becoming constant (Eudorff). 
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Sdthig-Point,—'6T C. (Chateau). 

Melting-Point of the Free Fatty Acids. — 45° C. (Hiibl). 

Setting-Point.— ^A^S'-W C. (Dalican) ; 445° C. (De 
Scheepper and Geitel) ; 43° C. (Hiibl). 

Saponification Value. — 196*5. 

Reichert Number. — 0*25. 

Iodine Number (thermal). — 40° C. 

Beef tallow consists almost entirely of palmitin, stearine 
and olein, the percentage of the latter being calculable from 
the iodine number. According to the parts of the body from 
whence the tallow is derived, the proportions of olein, stearine 
and palmitin vary, the softest and richest in olein being the 
pure fat from the scrotum ; the richest in stearine, and con- 
sequently the hardest, that from the intestines. Schaedler 
gives the average percentage of stearine plus palmitin as 66| 
per cent. 

Olein or tallow oil (talgol), erroneously termed oleic or 
elaic acid, is obtained from beef tallow, as also from the other 
tallowy fats — mutton fat and goat fat. 

This tallow oil is somewhat thick and pulpy, and is highly 
suitable for the manufacture of fine soaps, according to the 
colour of the commercial article. The press residue forms 
the ordinary stearine of commerce. In order to deprive the 
tallow of its entire content of olein, it is melted, then stirred 
continually until nearly cold and incorporated, by stirring, 
with 10 per cent, by volume of benzine or petroleum spirit. 
The mixture is left to cool in flat tin moulds, the cakes 
wrapped in press cloths and pressed between iron plates in 
the hydraulic press, whereby the olein dissolved in benzine 
or petroleum spirit is forced out, leaving stearine and pal- 
mitin behind. The benzine is driven off by distillation with 
direct steam and leaves the olein in a comparatively pure 
state. 

The value of the olein (crude oleic acid) is greater the 

11 
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smaller the percentage of unsaponifiable substances it 
contains. Saponified olein is almost entirely free from 
these, and therefore commands a higher price than distilled 
olein. 

There is a distinction between tallow oil (olein) and oleo- 
margarine (styled ** oleo "), the latter being prepared from 
fresh unmelted beef kidney fat by pressure, and used either 
direct as an edible or mixed with oil and milk and worked 
up into artificial butter. 

Olein is a liquid solidifying in winter time, of a specific 
gravity of 0*90 at 15° C, and distillable, without decomposi- 
tion, in vacuo. It is much more readily soluble than palmitin 
or stearine in absolute alcohol, but is insoluble in dilute 
alcohol. In the same way that oleic acid is converted by 
the action of nitrous acid into elaidic acid, so also olein, 
under the same conditions, passes over into a solid isomeric 
state, forming elaidin, consisting of crystalline nodules which 
melt at 32° C. according to Meyer, or 38° C. according to 
Duffy, and dissolve readily in ether, though almost insoluble 
in alcohol. 

Oleomargarine has a specific gravity of 0* 924-0*930 
(Hager) at 15° C, and 0*859 (Konig) at 100° C. 

Melting-Point of the Fatty Acids. — 42*0° C. 

Setting-Pomt— 39^8° C. (Hiibl). 

Iodine Number.— 55'3 (Hiibl), 50*0 (Moore). 

Hehner Number. — 95*56. 

Saponification Value. — 195*0 and 197*4. 

Beichert Number. — 0*4-0*6 (Cornwall). 

The commercial grades are : Melted tallow, press tallow 
and margarine. In the Paris market tallow is sold on the 
*' titer " of the setting-point of the fatty acids. 

The subjoined " titers '* were determined by Dalican for 
tallow and similar fats : — 



Digitized by 



Google 



ANIMAL FATS AND OILS. 163 

Parisian tallow 43-5 

Ordinary beef tallow 44*0 

Beef tallow (kidney fat) 44'6 

Ordinary mutton tallow 46*0 

Mutton tallow (kidney fat) 48*0 

Bone fat 43.5 

Russian tallow - 43'5 

Beef tallow (Odessa) 44*5 

Mutton tallow (Odessa) 46*0 

Tallow from New York 48-6 

Beef tallow from Buenos Ayres . - _ - 44-5 

Mutton tallow from Buenos Ayres - - - . 45-0 

Florentine tallow 44-0 

Viennese tallow 44-5 

According to De Scheepper and Geitel, tallow and the 
fats used as adulterants therefor have the subjoined setting- 
points : — 

Tallow 40°-46°C. 

Margarine - 38°-44° „ 

Oleomargarine, stearine 60-5° „ 

Mutton tAllow - - 46*1° „ 

Beef tallow 44-5° „ 

** Suif d^epluchtires" (a French commercial brand which, 

when dried, smells of sulphurous acid, is green in colour 

and is probably a mixture of animal fat with inferior olive 

oil) 40-8° C. 

Bone fat 40-7°-42-3° „ 

Olive oil • 40-06° „ 

Cotton-seed oil 34-0° „ 

Cocoa-nut oil ' 23-0° „ 

Stearine grease 44-0° ,» 

Adulteeations of Tallow. 
Beef tallow is mostly adulterated with fats of low value, 
such as fish tallow (whale fat), bone fat, pot fat and latterly 
with distilled wool fat. According to Schaedler, such a 
falsification is hardly to be considered as fraudulent, provided 
the product be not sold under the general designation of 
tallow ; the addition of these fats serves to lower the quality 
of the product, so that the manufacturer can supply in- 
dustrials — for whose purposes the inferior quality of the 
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article is no drawback — at lower rates. Adulteration of 
tallow with cheap fatty acids, notably those of wool fat, is 
indicated by the smell, which cannot be completely removed 
during the distillation of the wool fat. 

Tallows falsified with fish tallow have their melting-point 
lowered considerably, and can be recognised in a superficial 
manner by the smell of fish oil evolved on gently melting the 
fat along with common salt. There are other adulterations 
practised by the addition of starch, potato flour or mineral 
substances, which can be identified, as in the case of hog fat ; 
and cotton-seed oil is also used as an adulterant when the price 
permits. 

Examination of Tallow. 

Estimation of Moisture. — Five grams of the fat are 
placed in a tared glass beaker or basin containing a glass 
rod and dried, till constant, at 100° C, with frequent stirrings. 
If tallow be mixed with potash its absorptive capacity 
for water is increased. In such event the fat cannot be 
freed from water by drying at 100° C, so the best plan is 
to determine the content of fatty matter, impurities and 
potash, and estimate moisture by difference. 

Non-fats (solid matters, fragments of skin, vegetable 
matter, dirt, etc.). — 10-20 grams of fat are extracted in a 
flask with chloroform or benzol and then poured through a 
previously tared dry filter, washing with the same solvent 
until a drop of the liquid allowed to fall on paper leaves no 
grease spot. The solution is then dried at 100° C. and 
weighed. If on incinerating the residue a large ash is left, 
the sample has been mixed with some inorganic substance, 
chalk, clay, etc., the nature of which can be ascertained by 
the ordinary processes of qualitative analysis. When a 
copious organic residue is left after extraction, it is tested by 
moistening with iodine solution. A blue coloration indicates 
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starchy matter (starch, flour or potato pulp), the presence of 
which is also detectable by microscopic examination. More- 
over, 1 part of the suspected fat may be boiled with 2 parts 
of acidified water in a beaker for a few moments and then 
set in water at 40° C, so that the fat does not set too quickly 
for the impurities to subside. If iodine tincture be then 
added, a blue coloration is immediately developed. The 
starchy matters are freed only with some difi&culty from fat 
by extraction, so that the weight of the dried residue after 
deduction of the ash does not exactly correspond to the 
amount of starch present. 

Substances soluble in water are often left behind after 
the extraction with chloroform and can be identified (e.g.^ 
common salt) by an analysis of the residue, or else they may 
be removed from the fat by taking a larger quantity of the 
latter — say 50 to 100 grams — and shaking it up in warm 
water to melt the solid fats, the mixture being then left at 
rest until separation into the two layers (fat and water) is 
complete. If this does not ensue, even after prolonged 
standing, but the fat remains partly in the form of an emul- 
sion, the particles may be united by shaking up with ether ; 
the resulting aqueous layer is then removed by the aid of a 
separating funnel and tested. 

Sulphuric acid, remaining from the refining process, will 
be found in the aqueous extract, and may be estimated by 
titration with caustic soda, using methylorange as indicator, 
For detecting other dissolved substances the solution is 
evaporated and the residue examined. 

Ethereal oils, in admixture with the fat, are removed by 
steaming and determined by the loss in weight. The distill 
late can be shaken up with ether, the latter evaporated ancl 
the residue examined qualitatively. 

In unadulterated tallows the non-fats consist mainly of 
fragments of skin, gelatine and calcium phosphate. 
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Occasionally lard from cuttings is found to have been 
adulterated by the stirring in of lime whilst the fat was in 
the liquid state, the result being a hardening of the product 
by the formation of a lime soap. In the ether or chloroform 
extraction for the determination of non-fatty matter this 
admixture is left in the residue, which must then be examined 
for its estimation. 

The examination of the dried and filtered fat is not con- 
fined merely to the detection of adulteration, but is also per- 
formed with the object of determining the value of the article. 

Determining the Value of Tallow. — According to Dalican, 
the value of the tallow increases with its melting-point. Wol- 
kenhaar considers that tallow having a melting-point of less 
than 40° C. is inadmissible, whereas Dalican, who, with 
greater correctness, determines the value by the setting- 
point of the fatty acids (tallow ** titer"), gives 44° C. as the 
lowest limit therefor. The determination .of the melting- 
point gives results varying considerably, according to the 
way the test is performed, so that it appears more suitable 
to determine the melting- and setting-points of the fatty acids 
obtained from the fat. The subjoined empirical table allows 
the percentage of stearic and oleic acids to be calculated 
from the setting-point of the fatty acids, the total yield of 
fatty acids being assumed as 95 per cent., the glycerine as 
9*68 per cent, (corresponding to 4 per cent, of glycerine radicle 
C3H2) and the impurities and moisture as 1 per cent. : — 

Oleic Acid. 
Per cent. 
69-80 
66-20 
61-55 
6700 
61-30 
43-70 
37-06 
23-75 
16-60 
2-90 





Stearic Acid. 


Setting-Point. 


Per cent. 


36 


25-20 


37 


29-80 


39 


33-46 


41 


38-00 


43 


43-70 


46 


61-30 


47 


67-95 


49 


71-26 


61 


79-60 


53 


92-10 
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The constitution of the tallow can also be calculated from 
the iodine number, either the fat itself or the fatty acids 
therefrom being titrated. Theoretically, the iodine number 
of pure oleic acid is 90*07, that obtained experimentally 
being concordantly between 89*8 and 90*5. The iodine 
number of olein is 86*20. The iodine number of a fat being 
found, and expressed as i, then the olein percentage content 
O and the amount of oleic acid obtainable therefrom, E, can 
be calculated as follows : — 

^ 100 . „ 100 . 



86-20 * ^ ~ 90-07 ' 

or 

O = 1-1601 i E = 1-1102 i 

If i be the iodine number of the free fatty acids, then 
their acid content is also — 

E = 1-1102. 

A high percentage of free fatty acids lowers the value of 
the tallow, owing to the dark colour of these acids when 
produced by lime saponification. 

Detection of Fatty Adulterations. — The fatty adulterants 
of tallow are : paraffin, palm-kernel oil, cocoa-nut oil, cotton- 
seed stearine, wool fat, mutton tallow, resin and resin oils, 
fish tallow and bone fat. 

Cocoa-Nut Oil ayid Palm-Kernel OIL — The presence of 
these solid vegetable fats in tallow is revealed by the greatly 
increased saponification value, which is, for tallow, about 
196, but for cocoa-nut oil 267*3 to 268*4 and for palm-kernel 
oil 247-6. 

According to Kodiger these fats may be recognised in 
tallow by the property exhibited by their soaps of salting out 
with greater difficulty than the tallow soaps. The soda lye 
for saponification is prepared by mixing 75 grams of caustic 
soda of precisely 38° Be. at 15° C. with 150 grams of water. 
150 grams of tallow are heated to boiling along with 50 
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grams of water in a tared basin and qualified with 10 grams 
of soda lye, further additions of the latter being deferred 
until the first dose has been absorbed by the fat, which can 
be ascertained by taking a small sample out of the centre of 
the boiling soap solution by the wooden spatula employed 
for stirring and allowing it to run from the spatula. If the 
mass breaks raggedly or draws out in viscid threads (which 
will be the case after further additions of lye), then the 
. alkali has been absorbed, whilst in the contrary event a clear 
watery hquid will drip from the spatula after the turbid mass 
has run off. If this appearance does not alter, even after 
prolonged boihng, more water is added. When the operator 
is inexperienced he should continue the boiling for at least 
half an hour after all the 225 c.c. of lye have been used up 
(which is always the case), replacing, from time to time, the 
water lost by evaporation. The mass will then run off in a 
fairly viscid condition, and water must be added to make up 
the total initial volume of 425 c.c, 38° Be. soda lye being after- 
wards added by drops from a weighed flaskful until a clear 
drop of lye appears on the dropping sample of soap. This 
occurs when the following quantities of lye have been 
added : — 

Viennese beef tallow 25 grams of lye 

Beef tallow with 6 per cent, of palm-kernel oil - 29 ,, „ 
„ 10 „ „ ,, - 37 „ „ 

n 20 „ „ „ - 45-5 „ 

SO that as low as 5 per cent, of palm-kernel oil can be de- 
tected by this means. 

Distilled Wool Fat. — To detect this fat, which, according 
to Leopold Mayer, is employed to adulterate tallow, the 
sample is saponified and shaken up with ether, the residue 
left after evaporating the ether being tested for cholesterin 
with hydrochloric acid and ferric chloride. As no other fat 
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contains such a large proportion of cholesterin, this test is 
perfectly reliable. There are no tri-glycerides in distilled 
wool fat, only free fatty acids, and, consequently, tallow 
adulterated with this fat will have a very high free fatty acid 
content. The fatty acids isolated from such a sample will 
become yellow in a few days' time and exhibit the character- 
istic smell of wool fat, due to the presence of volatile fatty acids. 

Cotton Oil or Cotton-Seed Stearine. — Tallow falsified with 
cotton-seed oil or the stearine obtained therefrom will assume 
a red to red-brown coloration on treating 5 grams of the 
melted sample with 15 drops of nitric acid (specific gravity, 
1*380) and shaking up briskly. On the other hand, pure 
beef or mutton tallow under this treatment will remaii^ pure 
white, and palm-kernel oil and other fats show only a yellow 
coloration. According to Wolkenhaar this reaction is unre- 
liable, since pure, but carelessly melted, samples of tallow 
behave similarly, and the test is only to some extent defini- 
tive when the melting-point of the sample is below 40° C. 
and at the same time the specific gravity above 0*861. It 
would be advisable to carefully filter such impure tallows, in 
order to remove the staining impurities before applying the test. 

Cracan remarks in his treatise, that in the ordinary 
methods of testing beef tallow the quantitative reactions are 
not always sufficient, since it is easily possible by suitable 
mixtures to arbitrarily produce an article exhibiting the con- 
stants relied on as indicating purity. He elaborated a few 
reactions (given below) specially for the case of Japan wax 
and for vegetable waxes in general, in respect of which he 
opined that adulterations of tallow therewith were not in- 
frequent, such falsifications being, however, scarcely to be 
apprehended in the present low prices of tallow and high 
rates prevailing for vegetable waxes. 

It seems an important characteristic of aJl waxes to be 
very slightly soluble in cold ether. Nevertheless, tallow 
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stearine is also but slightly soluble in the same reagent and 
will also be precipitated along with any wax, though it is 
always an advantage to have those constituents of tallow that 
are readily soluble in ether separated from those only soluble 
with difficulty therein. Cracan proceeded by warming a 
large sample of the tallow under examination in a beaker 
until melted right through and then adding six to eight 
times the quantity of ether, whereby the whole of the tallow 
entered into solution, but at the end of about half an hour 
the liquid began to turn turbid and deposited a fine white 
precipitate. This was filtered off and repeatedly washed 
with cold ether until the washings ceased to leave a grease 
spot Qfi paper, and the precipitate was then warmed, until 
melted, in a porcelain basin. Here it was found that some 
of these melted masses were white, others grey, the former 
being the case with products obtained from pure tallows and 
therefore consisting of pure tallow stearine, whereas a grey 
product resulted from the treatment in the prescribed manner 
of a so-called ** South American beef tallow ". It was also 
found that pure tallow stearine was difficult to remove from the 
sides of the basin, even after a lapse of several days, whilst 
the product from the South American beef tallow sepa- 
rated very easily and came away spontaneously in a few 
hours' time. A shght degree of contraction was noticeable 
in both products, but was much greater in the second than 
in the pure tallow stearine. In the latter the contraction was 
more apparent by reason of the fissures developed in the 
mass, which was not the case with the South American 
article. The product from the South American beef tallow 
therefore exhibited a higher degree of cohesion, that from 
pure tallow stearine, on the other hand, manifesting a greater 
amount of adhesion to the walls of the basin. 

Furthermore, pure tallow stearine yields on saponification 
a white soap, Japanese wax giving a yellow soap, and this 
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phenomenon was also observed in several other, but by no 
means in all, kinds of commercial tallow. However, the 
iinds producing yellow soaps, all, without exception, answered 
to the following reactions, the contrary being the case in 
•every instance with the kinds yielding white soaps — a cir- 
cumstance which is, at the least, very striking. That many 
-chemists have failed to perceive this yellow coloration is not 
remarkable, seeing that the indicator — ^phenolphthalein— 
employed in determining the saponification value naturally 
masks by its own colour the yellow tinge of the saponifica- 
iiion product. It is therefore urgently recommended that all 
experts should in experiments of this nature perform a 
^saponification test without the use of an indicator. 

The reaction is most successfully obtained when about 
S c.c. of caustic potash are heated in a small porcelain basin 
and a little of the sample added thereto. If some 5 c.c. of 
;ammonia be heated in a test tube and 3 decigrams of pure 
tallow stearine be | added and shaken up, merely a faint 
;turbidity is imparted to the liquid, but if the same treatment 
be applied to Japan wax an intensely white milky liniment 
is produced, and the same result is" obtained with mixtures of 
Japan wax and tallow stearine. 

When a little nitric acid, or aqua regia, is heated in a test 
tube and a little pure tallow stearine added thereto, no change 
of colour is observable, either during boiling or after re- 
-cooling, but the stearine remains just as white as before. 
Vegetable waxes, however, when treated in this way, quickly 
turn yellow, and fumes of NO are evolved on heating. The 
same occurs in a lesser degree when mixtures of vegetable 
waxes and tallow stearine are employed. 

The Eefining, Hardening and Bleaching of Tallow. 

The tallow obtained from the crude fat by melting by one 
«or the vOther methods mentioned is, even when carefully 
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strained, however, not free from admixed undissolved sub- 
stances, i.e., solid matters, and therefore cannot be used for 
all technical purposes. Though well adapted for the prepa- 
ration of ordinary soaps, candles, etc., it is unsuitable for 
fine toilet soaps, and for this purpose requires to be refined. 

The refining of tallow consists in melting the same, in 
presence of water, over a fire or by means of steam, with or 
without the addition of certain chemicals reputed to exert a 
purifying influence. The simplest and oldest method is by 
one or more re-meltings in an open pan over direct fire and 
with an addition of 5 per cent, of water ; the steam melting 
process, wherein a current of steam is passed into the 
melted fat, is new. It is an essential condition of the old 
clarifying process that the water should boil without, ceasing 
and be thoroughly mixed with the fat by means of stirrers 
worked by hand or mechanical means, so that the latter 
substance is kept in a state of emulsion. When this mixing 
has continued for an hour the fire is drawn and the contents 
of the pan left at rest. During the slow cooling of the mass 
the lighter impurities rise to the surface and are skimmed off 
with a very fine strainer ; the heavier and bulky impurities, 
on the other hand, sink to the bottom, as does also the water, 
so that a mucilaginous layer of dirt and fat is formed between 
the strata of fat and water. 

The precipitation can, of course, only be complete pro- 
vided the cooling of the tallow proceeds with extraordinary 
slowness. For this reason a very slow fire is kept up under 
the pan, or else the latter is, by being covered up with a lid,, 
cloths, etc., kept from cooling down too quickly. Generally 
speaking, the fat in a pan of medium size will require about, 
twelve hours to clarify thoroughly. The purified tallow is then 
skimmed off, or drawn off, through a tap at the side, and is 
placed in the transport packages, or if a second clarification 
is desired, transferred to another pan. Very often common 
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salt, alum, salamrnoniac, etc., are added to the water used 
for re-melting, an aqueous liquid of unusually high density 
being thus obtained, from which the fat separates more 
easily than from ordinary water. 

When steam is employed for clarifying it permeates the 
tallow, liquefies it and forces it through a strainer of very 
fine mesh, which keeps back the impurities. 

In addition to these two principal methods, others have 
been proposed with the object, partly of purifying, partly of 
hardening and bleaching, and partly of sweetening the tallow 
by freeing it from unpleasant adherent smells. To effect the 
latter object (the cause of the smell being usually due to 
rancid fatty acids) the tallow is melted along with a solution 
of soda or borax, the modus operandi being otherwise exactly 
the same as when water alone is used. 

Hardening the tallow is effected by various means. Apart 
from the old urine process (employed in slow-going soap- 
boiling establishments), the hardening process is based on a 
partial conversion of the olein in the tallow into solid elaidin 
by the action of acids, particularly nitrous acid. Alum, 
dilute sulphuric acid, potassium bichromate and manganese 
dioxide are also employed for hardening tallow, the pro- 
ducts in any case being oxy-fatty acids formed by the action 
of oxygen, whereby the final product is rendered harder and 
more brittle, and at the same time whiter in colour and 
almost inodorous. 

According to one prescription, a mixture of 500 grams of 
concentrated sulphuric acid and 500 grams of concentrated 
nitric acid is stirred into 100 kilos of melted tallow, and 
after allowing the acid mixture to react for a certain time is 
washed out again with pure water until the reaction is 
perfectly neutral, the tallow being finally heated over a 
gentle fire till all the water is evaporated. 

When oxidising agents are employed, vapours are always 
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evolved which contain whole groups of the volatile fatty acids r 
butyric, valeric, caproic and caprylic acids. Under the in- 
fluence of nitrous acid, on the other hand, the reduction 
products of this acid appear in great quantity, and hydro- 
cyanic acid is never wanting. For this reason, hardening 
with this reagent can only be effected in closed vessels- 
and the gases must be suitably led away and rendered 
innocuous. 

If the tallow obtained from crude tallow by melting at 
60°-65° C. be allowed to crystallise at 35° C. and is then 
pressed, '' prime press tallow " is obtained, whilst crude 
cuttings yield under similar treatment ** press tallow seconds," 
the expressed liquid portion being in the former case classed 
as '* prime margarine '' and in the latter ** margarine seconds ". 

The liquid portions of tallow can also be separated from 
the solids without pressure, since the solid crystalline bodies 
have higher melting- and setting-points than the liquid sub- 
stances. To effect this separation the tallow is melted in 
large quantities (two to three tons at a time) by the aid of 
steam coils in large wooden vats, the vessels being then 
closed and left at rest for eight or ten days at a room tem- 
perature about 1° or 2° C. under the melting-point of the 
tallow. The fat has time to cool down very gradually, and 
the solid fatty acids crystallise in hard granules out of the 
liquid mass, settling on the walls and bottom of the vats in 
large conglomerate cauliflower-like aggregations. The liquid 
portion, the tallow oil, remains clear in the centre of the 
vessels and is then poured off, the crystalline lumps being 
left a while to drain and afterwards melted in water, poured 
out and allowed to set. In this way a product resembling 
press tallow is obtained. Nevertheless, neither this nor 
press tallow rightly deserves the name of ** hardened tallow,*' 
since they are no longer tallow in its pristine state, viz,^ 
stearine, palmitin and olein, but consist merely of stearine 
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and palmitin, and therefore have an altogether different 
constitution. 

In order to increase the whiteness of the product tallow 
is frequently bleached, the operation being oftentimes com- 
bined with the hardening process. Bleaching is effected 
exclusively with chemicals, viz,, chromic acid, manganese 
dioxide and hypochlorites. The various methods will be 
merely briefly mentioned in this place, having been already 
fully described in the author's Vegetable Fats and Oils. 

1. Bleaching with Chromic Acid or Potassium Bichromate, 
— 100 kilos of the tallow to be bleached are melted along 
with 1 kilo (2*2 lbs.) of sulphuric acid previously diluted 
with 6 litres (1*32 galls.) of water ; thereupon 500 grams 
(1*1 lbs.) of powdered red chromate of potash are added and 
the whole gradually raised to boiling. When cold, the 
deposited acid liquor is drawn off, and the tallow re-melted 
with water and washed in the warm until no further re- 
action is discernible. 

2. Manganese Dioxide and Sulphuric Acid. — To 100 
kilos of tallow is added 1 litre of concentrated sulphuric acid 
diluted with 30 Htres of water, the fat being then melted and 
mixed with 1 kilo of the strongest manganese dioxide. 
The boiling mass is at first turned black by the manganese 
compound, then bluish, and finally (when the latter is com- 
pletely decomposed) white. It is then left to cool, the bleach 
hquor drawn off, and the tallow freed from the chemicals by 
repeated meltings vdth water. 

3. With Hypochlorites. — 100 kilos of tallow are heated 
along with a solution of 1 kilo of soda in 10 htres of water, 
until the tallow is melted, a clear solution of 1 kilo of 
bleaching powder in 7 litres of water being stirred in and 
the mixture raised to boiling, whereupon sufficient dilute 
sulphuric acid to produce a faintly acid reaction is gradually 
and carefully incorporated therewith. After standing, the 
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aqueous liquor is drawn off and the (melted) fat washed 
with water until no more acid can be detected. 

Since, in the two last-named bleaching processes, noxious 
vapours producing coughing may under certain circum- 
stances be given off, the operation must always be carried 
on with the bleaching vat placed under a metal cover dis- 
charging into the open air. 

Uses of Tallow. — Medicinal : for ointments ; cosmetic : for 
pomades ; as a food-stuff : for cooking and frying, and in a 
special form as a substitute for butter ; technical : for candles, 
soaps and lubricants of various kinds. 

Animal Oil (Thierol). 
Kectified Dippel*s Oil or Oleum AniiStale Fcetidum 

DiPPELI. 

Baiv Material. — The tar resulting from the dry distilla- 
tion of bones. 

Preparation. — The crude bone tar is placed in a still con- 
nected with a worm condenser. Liquid distils over rather 
quickly at first, and when it begins to c()me over less rapidly 
the fire is made up stronger, so that finally nothing remains 
in the still but an inflated black residue consisting of carbon, 
which is utihsed for fuel. The distillate is pale to dark 
yellow in colour, of oily appearance, and characterised by the 
property of fluorescence it exhibits, the surface of the oil, 
when viewed at a certain angle, displaying a coloration in- 
clining to blue or red. It should be mentioned that when a 
parcel of bone tar is once in work after the first distillation, 
it must be worked up completely without cessation, since 
otherwise the oil will turn brown by oxidation during storage. 

The distillate is shaken up with strong hydrochloric acid, 
then separated therefrom, washed with water and rectified 
in glass retorts. By this means a series of bodies, which 
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readily decompose and give rise to dark colorations, are 
destroyed, and it then becomes easier to prepare an oil that 
will remain light-coloured. 

Since the action of oxygen is increased by high tempera- 
tures, an arrangement has been devised for re-distilling the 
first distillate — after the acid treatment — ^in a current of car- 
bonic acid (carbon dioxide), in which case a copper vessel 
may be used for rectifying. The current of carbonic acid gas 
must, however, be strong enough to fill the receiver in which 
the distillate is collected, in order to keep the animal oil out 
of contact with the air. By adhering to these precautions 
the distillate from the crude oil may be made to yield, after 
two rectifications, a product which is almost colourless, and 
will remain fairly so if air be excluded. On exposure to the 
air it becomes dark-coloured, even though several times recti- 
fied ; to prevent which discoloration, as far as possible, the 
oil should be stored, after rectifying, in air-tight bottles. 

Properties. — Thin flowing and pale yellow when fresh, 
but brownish-black, from oxidation, when aged, with repel- 
lent smell. On treatment with sulphuric acid it is rapidly 
converted into brown masses. 

Uses, — Medicinal : as a popular curative agent ; techni- 
cal : in the (sheep's) wool-dyeing industry. 

Fish Oils (Thrane). 

The fish oils are those liquid animal fats that are ob- 
tained from the fatty accumulations in the bodies of the 
large marine mammals ; from the liver of various smaller or 
larger fishes ; and finally by pressing a certain class of 
fishes, all inhabiting salt water. 

All fish oils are, at the ordinary temperature, more or 
less fluid, pale yellow to dark blackish-brown in colour, and 
mostly endowed with a sufl!ocating, more or less disagreeable 
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smell and taste. Of the fish oils — whose chemical con- 
stitution is still insufi&ciently known — one portion is classed 
with the liquid waxes (sperm oil and the spermaceti pre- 
pared therefrom), and they are all very easily distinguished, 
by their behaviour on saponification, from the remaining oils 
and fats. 

Both these products are devoid of glycerides, and contain 
instead, ethers of the higher fatty alcohols ; and shark oil 
and all the marine animal oils with a specific gravity below 
0*080 at 15° C. may be classified in the same group, since 
the great majority of the glycerides have a higher specific 
gravity than 0*914. Little is known respecting the fatty 
acids occurring in the form of tri-glycerides in fish oils. 
The place of the oleic acid found in other oils seems to be 
occupied here by physetoleic acid, but it follows from the 
very high iodine number of fish oils, that large quantities of 
a glyceride of an acid poorer in hydrogen are present ; this 
cannot, however, be linolic acid, because fish oils are not 
endowed with drying properties. 

Most of the fish oils are blackened by gaseous chlorine, 
whereas all other fats and oils are bleached by this reagent. 
The true and, partly, the wax-like fish oils as well give 
highly characteristic colour reactions : caustic soda of specific 
gravity 1*34 and syrupy phosphoric acid produce a red 
coloration ; nitric acid, sulphuric acid and nitrosulphuric acid 
give black or violet-black colorations. 

A large number of fish oils are met with in commerce 
and are classified according as they are derived from the 
carcase fat (blubber), the fatty liver or the whole fisb, and 
also according to the genus of the animal yielding them. 
They are all employed either for medicinal (liver oil) or 
technical purposes. 

By the term fish — or train — tallow (Thrantalg) are 
indicated the solid fats (stearines) separating out from fish 



Digitized by 



Google 



ANIMAL FATS AND OILS. 179 

oils at temperatures near freezing-point, or obtained by 
pressure at such temperatures. They also occur under the 
name of " whale fat," whilst the liquid portions are known 
as ** expressed whale oil " (chiefly consisting of physetolein), 
also erroneously termed spermaceti oil. 

The fish oils met with in commerce may be classified as 
follows : — 

1. Whale oils (train or blubber oils) : whale, sperm whale, 
fin-back whale, Arctic sperm, dolphin, porpoise, walrus, round- 
headed dolphin oil. 

2. Seal oils : Archangel, Greenland, Newfoundland, South 
Sea, Caspian seal oil, walrus and Swedish '* Three crown'' oil. 

3. Fish oils: herring, sprat, pilchard, sardine, sardella, 
menhaden oil, Swedish, Russian, Italian, Spanish fish oil. 

4. Liver oils : cod-liver oil, coal-fish oil, merlangus oil, 
pollack oil, sea-pike oil, shark's-liver oil, ray oil, ray-liver oil, 
Japan fish oil. 

The fish oils obtained from the blubber of the entire fish, 
or portions thereof, by boiling, contain in their natural state 
more or less animal gelatine (glue) derived from cartilaginous 
matter. The various kinds of fish oil have different odours, 
and flavours, which are indescribable, but when experienced 
a few times, fix themselves in the memory and form (the taste.- 
especially) a sure, if not agreeable, means of recognition. 

The various fish oils — pure seal oil, whale oil, liver oil, 
train oil — can be distinguished by the aid of fuming nitric 
acid and sulphuric acid, the colour reactions obtained being 
nevertheless unreliable. 

The violet colorations given by liver oils with sulphuric 
acid do not result from the presence of the biliary colouring 
matters, but, according to Salkowsky, cholesterin, the colour- 
ing matter (lipochrome) discovered by Kiihne and the fatty 
acids themselves take part therein. Further assistance in 
differentiation, and perhaps the detection of adulteration, 
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should be afforded by the difference of solubility in hot 
alcohol, in that the latter will take up 4 per cent, of fish oil, 
7 per cent, of liver oil, 15 per cent, of seal oil and its own 
volume of whale (blubber) oil. 

The fish oils are, for the most, only adulterated with 
lower grade train oils, and resin oil ; the medicinal oils rarely 
with vegetable oils (such as sesame and cotton-seed oil), 
which latter, by the way, can be detected by the elaidin re- 
action, fish oils remaining clear and transparent whilst the 
last-named oils deposit elaidin after some time, the fatty 
layer being thereby rendered thick and opaque. 

Further particulars are given under the different headings 
jelating to fish oils. 

COLOUR REACTIONS OF THE FISH OILS WITH ACIDS. 





Fuming nitric acid 

(specific gravity 

1-45). 


Sulphuric acid 


Nitric and sulphuric 
acids 1:1. 


Seal oil. 


Red-brown. 


Reddish-yellow, 
then reddish - 
brown, finally 

brown-red (blood 
colour). 


Reddish, then 
brown. 


Whale oil. 


Brownish, then 

brown, finally 

blackish-brown. 


Brown, then 
blackish-brown. 


Yellow, then 

reddish, later a 

dirty brown. 


Liver oil. 


Blood red, then 

brownish-red 

to brown. 


Violet to 
blackish-violet. 


Yellow-red, then 

brick-red, finally 

red-brown with 

violet tinge. 


Fish oil. 


Brown. 


At first greenish, 

then brown,finally 

quite black. 


Yellow, then 
greenish, subse- 
quently brown. 
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1. Whale Oils (Train or Blubber Oils) (Walthrane). 

Raw Material. — The fat of marine mammalia — sea cow, 
walrus, manatee, dolphin, porpoise, sperm whale, Arctic 
sperm whale, Greenland whale. 

Preparation. — The dead caxcases are hauled on deck or, 
if near the land, on shore, and the cutting out of the blubber 
is at once begun. The men stand on small platforms let 
down the side of the vessel, and cut strips, about a yard wide, 
in the blubber (which is 18 to 30 inches thick) right round 
the carcase, over the back and belly ; then attach a rope to 
the strip and haul at the windlass, whereby the rope is 
tightened and the blubber draws loose, the men cutting it 
away from the carcase with sharp spades, so that the whole 
envelope of blubber is removed spirally by turning the body 
over, and is hauled on deck. 

The blubber is first placed 'tween decks, and is there cut 
up by machinery into smaller pieces, which are packed in 
casks, to be subsequently stowed in the hold. In many 
instances, however, it is immediately melted down on deck, 
in an iron pan set in brickwork, the oil being strained and 
filled into casks, whilst the residue (greaves) serves as fuel. 

The blubber in the casks begins, after prolonged storage, 
to putrefy in consequence of the decomposition of the tissues 
and other animal matters, and a part of the oil runs out of 
its own accord and is collected in special recipients. When 
the vessel arrives at her destination the blubber still left in 
the barrels is melted down over a fire or by steam, and the 
self -run oil is also heated to about 100° C. to allow the im- 
purities to subside. In some places the blubber, after being 
cut up, is melted in large pans 14 to 20 feet high, by direct 
steam, for five to eight hours. The carcase itself, when 
stripped of blubber, is either thrown back into the sea. or 
worked up for manure. 



Digitized by 



Google 



182 ANIMAL FATS AND OILS. 

The dorsal fat yields darker oil than the belly fat, and is 
treated separately. The yield ranges from 6 to 20 tons of 
blubber per whale. 

When the work is performed in a rational manner, con- 
siderable quantities of oil, though of inferior quality, are 
obtained by treating the flesh and bone in the carcase with 
high-pressure steam, the residual portions being dried and 
sold as manure. 

Smaller marine mammals, such as the porpoise, are dis- 
embowelled, cut into pieces, and the flesh and fat, as well as 
the bony skeleton, extracted by boiling over direct fire or by 
steam. 

(a) Porpoise Oil. — Brown Fish Oil is pale yellow, brown- 
yellow or brown, with a smell resembling that of sardella oil, 
but loses this on exposure to air, and assumes a deeper shade 
of colour. The fresh oil is neutral to litmus paper, but 
absorbs oxygen from the air, and then has an acid reaction. 
Its specific gravity at 16° C. = 0*9220 ; setting-point, — 15° C. 
Cold alcohol dissolves 1*2 per cent.; boiling alcohol, 20 per 
cent. The constituents of this oil are : glycerides of physe- 
toleic, oleic, stearic, palmitic and valeric acids. 

(6) Dolphin Oil. — Round-headed Dolphin Oil is pale 
yellow in colour and has a strong fishy smell ; specific gravity 
at 15° C. = 0-918 ; at 20° C. = 0-9175. One hundred parts 
of boihng alcohol of specific gravity 0*812 dissolve 40 parts 
of the oil, the solution becoming turbid at 60° C. ; 100 parts 
of boihng alcohol of specific gravity 0*795 dissolve 60 parts. 
When exposed to low temperatures, the oil at 5° C. to — 3° C. 
deposits spermaceti, and when thus freed from the latter 
substance dissolves in equal proportions in boiling alcohol, 
the solution exhibiting a weak acid reaction, which dis- 
appears on the addition of water. 

(c) White Fish Oil 

(d) Porpoise Oil (Tiimmlerthran). 
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(e) Narwhal Oil, — Very pale in colour ; almost white. 

(/) Sperm Oil. — Cachelot Oil, of which a large fish will 
yield from 70 to 90 tons and 50 cwt. of spermaceti, is pale 
yellow to slightly brownish-yellow, clear, with a decidedly 
fishy smell and fairly fluid, with a specific gravity of 0'920 at 
15° C. At 6° C. it begins to deposit spermaceti, and stearine 
at 8° C. Two vols, of the oil are soluble in 10 vols, of 
alcohol at the ordinary temperature; and 7 vols, in 10 of 
boiling alcohol. It is miscible with ether in all proportions, 
and sets sHghtly under the elaidin test, thus differing from 
all other fish oils. 

One constituent of sperm fat is spermaceti oil (liquid 
sperm or whale oil). The alimentary canal and the bladder 
of this whale contain the highly-prized perfume known as 
ambergris. 

(g) Arctic Sperm or Dwarf Whale Oil. — This product is 
colourless to brown, of slightly repellent smell, thin, with a 
specific gravity of 0*905 at 15!" C. ; absorbs oxygen from the 
air and thickens, its specific gravity at the same time in- 
creasing. It contains a relatively low proportion of solid 
fatty acids since it remains liquid below 5° C, with merely a 
slight turbidity, and only below — 2° C. becomes gruelly in con- 
sistency. It dissolves in 25 parts of cold and 2J parts of 
boiling alcohol, but separates out again, for the most part, on 
re-cooling. 

When treated with nitrous acid the oil exhibits a ten- 
dency to set. It contains only about half as much oxygen 
as other fish oils, and consists of : — 

79*87 per cent, carbon 
13-36 „ hydrogen 
6*77 „ oxygen 



10000 

and, in addition to physetoleic acid, etc., about 1 per cent, of 
spermaceti. DoegUc acid Cig Hag tt|0 is a mixture of phy- 
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setoleic acid and an allied acid, as is apparent from the un- 
even number of carbon atoms in the formula. 

(A) Fin-back Whale Oil, Keporkak Oil, Borqual OiL — 
The oil is colourless to brown, and has a specific gravity of 
0*915 to 0*920 at 15° C, according to class. It deposits a 
little stearine at 8° C, and thickens completely at 3"* C. The 
dark kinds have a peculiar, highly-repellent smell. With 
ether it is miscible in all proportions, and the darker grades 
manifest the remarkable faculty of mixing with equal 
volumes of alcohol to form a clear solution, quickly sepa- 
rating, however, into oil and an alcoholic solution, 10 
parts of alcohol taking up 4 vols, of the oil. If now this 
liquid be mixed up again it remains turbid and separates 
into the original volumes of oil and alcohol, the latter 
containing a little oil and stearine. In boiling alcohol nearly 
4 parts are dissolved, and 4 vols, of the oil dissolve 1 vol. of 
alcohol. 

Fin-back oil contains : — 

7.7*05 per cent, carbon 
12*05 ,, hydrogen 
10-90 „ oxygen 



10000 



(i) Greenland Whale Oil — The carefully prepared oil is 
honey-yellow in colour, and smells and tastes like fish and 
tar. Specific gravity at 15° C, 0*925 to 0*927 ; a few crystals 
are deposited at 10° C, which increase as the temperature 
falls, until, at — 2° C., nearly all the stearine and a little sper- 
maceti are down. Five vols, of the oil dissolve 1 of alcohol, 
and 10 vols, of alcohol 1 of the oil, but at boiling heat 2 
vols, of alcohol dissolve 5 of the oil ; it is also miscible in 
all proportions with ether. When heated for some time at 
200° C. it decomposes and blackens. Its elementary com- 
position is : — 
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76-85 per cent, carbon 
11*80 „ hydrogen 
11*36 „ oxygen 



100-00 



The whale oils are neutral when fresh but become faintly 
acid after a while, and behave similarly to seal oils under the 
influence of various reagents. 

Fuming nitric acid produces at first a brownish colora- 
tion with a very slight tendency towards blue, turning there- 
after brown, and finally blackish-brown. Sulphuric acid 
(specific gravity 1*65 to 1*70) colours them brown, subse- 
quently blackish-brown (blood colour in the case of seal oils). 
Nitric and sulphuric acid in equal volumes give, when mixed 
with an equal bulk of the oil, a yellow coloration, turning 
reddish and subsequently a dirty brown. Caustic soda 
colours all fish oils red-brown, as does also syrupy phos- 
phoric acid. 

The various whale oils, all of which deposit stearine along 
with a little spermaceti, near the freezing-point, are further 
treated for the preparation of sundry commercial grades, 
which are principally obtained from Norway. The pure oils, 
i.e., pale, brownish-yellow to brown, are known as **un- 
pressed whale oil" from the method of production, and 
are classified according to colour. When pressed below the 
freezing-point, two different products are obtained — ** whale 
fat '' or '' train tallow " and ** pressed whale oils " containing 
no stearine. 

2. Seal Oils. 

Baw Materia L — The blubber of the finned mammals, 
the walrus, seal, or sea cow, in the northern and southern 
oceans. 

Preparation. — The carcases are brought to land and the 
skins removed and treated in a special manner. The blubber. 
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which occurs as a more or less thick layer between the outer 
epidermis and the actual flesh, is then cut away as cleanly 
and carefully as possible, the entire sides thus obtained being 
placed in large recipients 9-11 yards long and nearly 9 yards 
wide, the bottoms of which are made of strong balks of 
timber, and the sides of wooden posts set very close together, 
the oil flowing out through the interstitial spaces. Below 
these vessels is a somewhat larger staunch wooden reservoir, 
only some 40 inches in height, for catching the escaping oil. 
Water is placed in the bottom, so that any leakage is de- 
tected without loss of oil, the water serving also to cleanse 
the oil from any admixture of blood. When the first-named 
vessel is filled with blubber up to a certain height the pres- 
sure of the mass begins to force out the oil, which then runs 
down into the reservoir below. The oil takes two or three 
months to all run out, but the product is divided by drawing 
off the oil at certain intervals and storing each lot in separate 
tanks, etc. The earliest runnings are pale, devoid of smell, 
and form the best quality, '* light train oil,"" the quantity 
being some 10 per cent, of the total 60 to 70 per cent, of oil 
obtained. In proportion as putrefaction progresses with the 
length of storage, and the cellular texture is destroyed, the 
oil runs away more reddish-yellow in colour, the shade 
deepening continually by reason of the spontaneous and pro- 
gressive heat evolved in the mass, until finally the oil is a 
dark-brown, and possesses a disagreeable and repellent smell 
and taste, arising from the decomposition products evolved. 
When, after a long while, the oil ceases to run of itself, the 
entire stinking mass is shovelled out and made up in smaller 
heaps, the oil thereafter escaping being collected as an inferior 
quality. The residue still remaining is boiled in water in 
large iron pans along with all the fleshy and other portions 
that do not contain enough oil to run out spontaneously. 
During the boiling the oil ascends to the surface and is 
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•skimmed off, and the residue, when dried, makes a good 
manure. 

(a) Walrus Oil. 

(b) Seal Oily Sea-dog Oil. — In commerce there are two 
grades, the pale and the dark oil ; it is thinner than the first 
;seal oils, has a specific gravity of 0*9250, and does not deposit 
stearine until — 2° C. is reached. One hundred vols, of cold 
alcohol dissolve 1 vol. of the oil ; hot alcohol from 10 to 12 
vols. ; 10 vols, of oil dissolve IJ vols, of alcohol. The fresh 
•oil does not give an acid reaction. 

(c) Archangel Seal Oily Sea-calf Oil. — Colour pale-yellow 
to brown; specific gravity at 15° C. = 0'9155 to 0*9165, the 
various grades having the following densities : — 

Pale Archangel seal oil - - - at 15° C. = 0*9165 
Brown „ „ - - - „ 25° O. = 0-9170 
Sea-calf oil „ 15° C. = 0-9155 

The product has a weak acid reaction and deposits stearine 
:at 3° C. ; 100 vols, of cold alcohol dissolve J vol., and hot 
Alcohol 8 to 9 vols, of the oil, 10 vols, of the latter taking up 
1^ vols, of alcohol. 

(d) Greenlaiid Seal Oil. — The commercial varieties have 
the following densities at 15° C. : — 

Clear pale Greenland seal oil, specific gravity - = 0*919 

Clear brown „ „ „ - = 0-921 

- =0-924 

Boiled „ „ „ - = 0-926 

The grade known as Greenland '^ Three crotvn" oil is a 
mixture of various fish oils, principally seal and shark oil, the 
less important constituents being very small quantities of 
whale and walrus oils. The seal oil used for this product is 
the so-called '* foots,'' i.e., the sediment obtained in the 
boiUng and clarifying of seal oil. This forms the chief com- 
ponent, the shark oil thinning down the ** foots," and 
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imparting special properties on account of its low specific 
gravity. 

Swedish '* Three crown'' oil is also a mixture of various 
seal oils with ordinary fish oils. Both kinds are met with 
adulterated with fatty vegetable oils. The specific gravity of 
the '* Three crown*' oil is 0*923. The Greenland ''Three 
crown " oil deposits stearine below 5° C. The ratios of solu-^ 
bihty in alcohol are as follows : — 

100 vols, of cold alcohol 1 vol. of oil, 100 vols, of hot 
alcohol 9 vols, of oil ; 10 vols, of oil dissolve 1 vol. of alcohol ;. 
10 vols, of oil require 7 J vols, of ether for their solution. 

(e) Newfoundland Seal Oil — The yellow, inodorous, darker 
and strong-smelling commercial varieties have densities of 
0-927, 0-927 and 0*927, respectively, at 15° C. The setting- 
point is below 4° C, and the solubility ratios the same as the 
preceding class. 

(/) South Sea Seal Oil, from the long-nosed seal, sea- 
elephant, sea lioD, eared seal, or New Holland seal, is pale- 
yellow to brown in colour and has a specific gravity of 0*92L 
to 0-930 at 15° C. 

(g) Caspian Seal Oil. — All walrus and seal oils have a. 
disagreeable smell, that of the brown kinds, which is due to- 
putrefaction products, being the least supportable. They 
contain glue but no albuminoids ; the former may be pre- 
cipitated by treatment with pigments and metallic salts. 
The specific gravity at 15° C. ranges from 0*915 to 0*930 ;. 
they are but slightly soluble in alcohol, and require almost 
their own volume of ether to effect their solution. A few" 
already deposit stearine below 5° C, others set only below 
zero C. (at - 2° to - 3° C.) to a sold mass. When quite 
fresh their reaction is but faintly acid, but the percentage of 
acid increases with age. They contain principally glycerides 
of physetoleic, stearic, palmitic and (a little) oleic acid along 
with small quantities of butyric acid, valeric acid, etc 
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Light-brown Greenland oil consists of : — 

77*10 per cent, carbon 
13*60 „ hydrogen 
9-40 „ oxygen 



10000 

Fuming nitric acid gives a red-brown coloration with all 
seal oils. Sulphuric acid (specific gravity, 1'66-1*70) gives at 
first a reddish-yellow, then reddish-brown, and finally brown- 
red (blood-like) colour. Nitric acid and sulphuric acid — 
equal volumes — stain a reddish tinge at first, turning to 
brown and finally dark-brown. 

The tests for adulteration with other oils are directed 
towards other fish oils and resin oils, which can be recog- 
nised on the one hand by their greater solubility in alcohol, 
and on the other by their incomplete saponification. 

3. Fish {Waste Tram) Oils (Fischthrane). 

Baw Material, — Small fish, such as the herring, sprat, 
"sardine, sardella, pilchard, menhaden, or the waste materials 
therefrom, and from smelt, salmon, silurus, sturgeon, etc. 

Preparation. — The heads, gullets and entrails of the 
herring, sardine, sardella, etc., as well as the whole fish of 
these genera, when caught in excessive quantities and not 
otherwise utilisable — perhaps already in a state of putre- 
faction — are boiled with water in large iron pans, the fat 
collecting at the surface being skimmed off, clarified in large 
vats, and packed for sale ; the residue finds employment in 
the manufacture of fish guano. The use of sulphuric or 
hydrochloric acid has been found advantageous in boiling. 
In another process the fish are sprinkled with 5 per cent, (by 
weight) of a 45° Be. solution of ferric chloride or ferric sul- 
phate, which preserves them unaltered for four or five days ; 
they are then beaten to a pulp, and pressed, by which means 
a large quantity of water and oil is forced out. The press- 
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cakes are easily dried, becoming friable and pulverulent, and 
can be pressed a second time between hot plates, or ex- 
tracted with volatile solvents, whereby a further quantity of 
oil can be recovered. Oil can also be obtained from such fish 
and fish waste by means of the centrifugal separator (Ger- 
man Patent, No. 23,974). 

(a) Herring oil, Swedish fish oil, Russian fish oil, Astra- 
chart herri7ig oil ; 

(b) Sprat oil ; 

(c) Sardine oily Italian fish oily Mediterranean fish oil; 

(d) Pilchard oily Spanish fish oil ; 

(e) Sardella oil ; 
(/) Menhaden oil; 
(g) Salmon oil. 

These fish oils have a specific fishy taste and smell, and 
are pale yellow to brown in colour, with a specific gravity of 
0925 to 0*930 at 16° C. Near freezing-point they deposit 
stearine. Alcohol takes up only 2 per cent, of the oil in the 
cold and 35 per cent, in the warm, and 5 vols, of oil require 
2 vols, of ether for their solution. All (waste) fish oils are 
browned by fuming nitric acid. Sulphuric acid of specific 
gravity 1*65 to 1*70 imparts a characteristic greenish colora- 
tion at first, turning to brown, and finally quite black. 
Sulphuric and nitric acid in equal volumes, mixed, produce 
at first a yellowish, then greenish, and subsequently brown 
coloration. 

4. Liver Oils (Leberthrane), 

Raw Material. — The livers of the following fish : Cod, 
ling, haddock, coal fish, merlangus, pollack, sea-pike, or 
small cod, shark (common shark, great shark, ice shark, 
hammer-headed shark), ray (prickly ray, smooth ray, spiny 
ray). 

Preparation. — The process of preparation is not every- 
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where alike, aDd is carried out with greater or less care, so 
that, naturally, the products dififer both in point of colour, 
taste and smell. 

1. After the catch the liver is cut out of the fish, collected, 
cleansed of blood and adherent entrails, and placed in high up- 
right casks fitted with three taps at the side and exposed to 
the sun. By this heat, and that developed spontaneously 
in the mass, a liquid is obtained resembling poppy oil, and 
known as ** clear pale liver oil *'. This product is drawn off 
through the two upper taps, and the contents of the cask 
are then weighted with stones. The oil obtained from longer 
stored liver is never so clear and well-flavoured as that from 
fresh. In the course of further spontaneous heating and the 
concurrent putrefaction a further quantity of oil, known as 
** clear brown liver oil "is obtained, and is drawn off through 
the bottom tap. The residue in the cask is boiled or roasted 
in iron pans and yields " brown hver oil ". 

2. By steaming the liver — a method calculated to advan- 
tageously replace the putrefaction process — finer and more 
limpid oils of milder flavour and almost neutral reaction are 
obtained, whereas the self-run oils are always more or less 
decidedly acid. In the steaming process, the well-cleaned 
livers freed from blood and cut up small are treated with a 
little steam in closed vessels, whereby the tissues contract 
and the oil runs out. The product thus obtained is " medi- 
cinal (liver) oil " or " steam liver oil," and being mainly pre^ 
pared at Bergen in Norway, is met with in commerce as 
'* Bergen liver oil". In the same way also " Newfoundland " 
and ** Labrador liver oils " are prepared, these differing from 
the first-named only by a somewhat larger content of stearine, 
which begins to deposit at T to 5° C. The residues from the 
steaming process are pressed and yield a second, rather more 
highly-coloured oil. In the preparation of liver oil by steam 
the following points have to be observed : — 
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(1) Great care must be exercised in the selection of the 
liver, only perfectly sound livers — ^but not green, reddish or 
blackish pieces — being chosen, since the coloured kinds speci- 
fied are only fit for tanners' oil. Liver that has lain for more 
than twelve hours in summer or twenty-four hours in winter 
is no longer suitable for medicinal oil. 

(2) Excessive cleanliness must prevail, and both the liver 
and the vessels must be cleansed with hot water every 
time. 

(3) The liver must not be heated above 70° C. nor exposed 
to that temperature for more than forty-five minutes ; the 
shorter the better. 

(4) Filtration must be very carefully performed in order to 
remove even the very finest solid particles from the oil. 
During the entire process the oil must not be exposed to the 
air any more than is absolutely necessary. 

(5) Pressing is a method employed chiefly in Scotland. 
The fresh liver, thoroughly cleaned and cut up small, is 
heated in iron pans to 80°-90° C, and continually stirred until 
converted into a pulpy mass, which is then placed in large 
calico bags, filtered whilst hot, and the residue pressed in 
bags. At 16°-16° C. the oil deposits a considerable quantity 
of stearine, which is removed by filtering. The well-cleaned 
and perfectly fresh livers are also heated along with water to 
80° C. until all the oil has run out, the latter being skimmed 
off and filtered through flannel — a second filtration following 
in order to remove the solid matters deposited during the 
interim. 

(a) Liver Oil, — Cod-liver oil (Kabljauthran, Dorschleber- 
thran, Stockfischleberthran). 

The commercial varieties are : — 

(a) Clear Pale Liver Oil. — Colour, golden yellow ; smell 
characteristic, not disagreeable ; flavour fishy, not bitter ; 
reaction, faintly acid to litmus paper ; specific gravity, 0*923 



Digitized by 



Google 



ANIMAL FATS AND OILS. 193 

at 15° C. ; solubility, 2*5-2-7 per cent, in cold, 3'5-4'2 per 
cent, in hot alcohol. 

(0) Clear Brown Liver Oil. — Colour, chestnut brown ; 
smell and taste, strong, bitter and irritating to the throat ; 
reaction, more strongly acid to litmus paper ; specific gravity, 
0*925 at 15° C. ; solubility, 2-5-3 per cent, in cold, 5-6 per 
cent, in hot alcohol. 

(7) Brown Liver Oil, — Dark brown, occasionally blackish 
brown in colour, greenish to bluish green by transmitted light> 
transparent in thin layers; peculiar, unpleasant, empyreumatic 
odour and bitter taste, highly irritating to the throat. The 
oil strongly reddens litmus paper, and has a specific gravity of 
0-929 at 15° C. Alcohol dissolves 5-7-6-5 per cent, in the 
cold and 6*5-7 per cent, at boiling temperature ; ether dis- 
solves it in all proportions. 

Properties of Cod-liver Oil. — These, so far as regards 
colour, smell, taste and solubility, have been already detailed. 
The elementary composition is as follows : — 

75-91 per cent, carbon 
12-22 „ hydrogen 

11-87 „ oxygen 



lOO-OO 



Liver oils are mixtures of numerous glycerides : those of 
oleic, physetoleic, stearic and myristic acids ; and, more- 
over, contain free acids such as butyric, acetic, gallic 
acids, and gall constituents such as fellic acid, cholic acid, 
bilisalic acid, biliverdin, bilisulom. Among the bases 
present are small quantities of trimethylamine, propy- 
lamine, amylamine, hexylamine and a new base, hydro- 
toluidine, boihng at 198° to 200° C, as well as two non- 
volatile bases, aselline and morrhine (yellow oil 2*5-3 per 
cent. ; white oil 1*5-2 per cent. ; brown oil 4*5-6 per cent, 
of morrhine). 

13 
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There are likewise present, in organic combination, small 
quantities of chlorine, bromine, iodine, sulpho-phosphoric 
compounds, along with sulphatic and phosphatic salts of 
lime, magnesia and soda. 

(b) Coal-fish Oil (Saythran, Sayleberthran, Kohlfisch- 
thran). 

These oils correspond in flavour and smell with cod-liver 
oil. Cold alcohol dissolves 3*4 per cent., hot alcohol 6*5 per 
cent. The chemical composition agrees with the foregoing 
oil. Coal-fish oil exhibits the peculiarity of depositing 
solid fatty acids at 5° to 10° C, of which it contains, accord- 
ing to the researches of Kremel, twice as large a quantity as 
cod-liver oil ; although it should not be forgotten that their 
amount depends on the more or less careful removal of the 
stearin e during the preparation of the oil. The specific 
gravity is 0-925-0-927 at 15° C. 

(c) Shark'S'liver Oil (Haifischthran). — The liver of the 
shark is very heavy, often weighing as much as 1 ton (giant 
shark) and yielding some 5 cwt. of oil. 

The colour of the oil is pale yellow and clear, and it still 
remains liquid when cooled to 6° C. ; its specific gravity is 
0-870-0-875, or at most 0-880, at 15° C, a shark's-liver oil 
with a higher specific gravity than this being always re- 
garded with suspicion. The smell is peculiar, but not very 
repellent, like the taste, which produces an irritating after- 
effect. Ten vols, of cold alcohol dissolve 1 vol., hot 
alcohol 4 vols. ; 1 vol. of ether, 1 vol. of oil. The oil 
burns with a bright flame without carbonising the wick. 
The constituents are the same as in cod-hver oil, but 
in different proportion; the amount of iodine is somewhat 
larger. 

(d) Ray 'liver Oil (Eochenleberthran). — Colour pale or 
golden yellow ; taste and smell less unpleasant than in 
ordinary liver oil; there is no acid reaction; specific 
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gravity at 15° C, 0*928 ; cold alcohol dissolves 1*5 per 
cent., hot alcohol 14*5 per cent., cold ether ^ vol., boiling 
ether 88 per cent. Near the freezing-point it deposits 
stearine; and it contains a larger percentage of iodine 
than cod-liver oil. Chlorine gas produces scarcely any 
alteration. 

According to Benedikt, cod-liver oil is a highly complex 
mixture of small quantities of olein, physetolein, palmitin, 
stearine, etc., with the glyceride of a hitherto unknown fatty 
acid, probably belonging to the linolic acid series. It con- 
tains variable amounts of free fatty acids, for the saturation 
of which Kremel found 0'62 to 28*67 grams of calcium 
hydrate necessary per 1000 grams of oil. A little cholesterin 
(0*46 to 1*32 per cent, according to Allen and Thomson) is 
present and can be recovered by saponification and extrac- 
tion with ether, the characteristic tabular crystals of chole- 
sterin being obtained by recrystallising from alcohol the 
residue left after evaporating the ether. On the other 
hand, according to Jean, 6 per cent, of liver oil consists ot 
a pale yellow, oily, unsaponifiable mass, which is stained 
a beautiful red by the addition of one drop of sulphuric, 
acid. 

Characteristic of this oil is its content of bile constituents,, 
by reason of which several colour reactions can be obtained.. 
The ash contains iodine, which can best be detected by saponi- 
fying the oil with caustic potash or soda, concentrating, calcin- 
ing the residue, and then testing for iodine in the ordinary 
manner. None of the iodine can be extracted by shak-v 
ing up with water or alcohol, so that the intentional 
addition of potassium iodide to this oil can be detected 
by extracting with alcohol and testing the residue left on 
evaporating the solvent. Kremel made the examination 
of liver oils the subject of exhaustive study, principally 
with the object of finding characteristic indications for 
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distinguishing cod-liver oil, Japanese oil, coal-fish oil and 
seal oil. 

As will be seen from the appended table, no reliable in- 
formation can be obtained from the specific gravity, iodine 
number or saponification value. On the other hand, coal- 
fish oil contains twice as large a quantity of solid fatty acids 
as do any of the other fish oils, which, however, may, as 
already mentioned, proceed from a careless separation of the 
stearine. 
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The melting-point of the solid fatty acids is higher in seal 
oil than in the other kinds. 
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According to Mayer, a liver oil is pure if, when shaken 
up with one-tenth of its bulk of nitro-sulphuric acid (1:1), it 
gives a coloration bright red at first but quickly turning to 
citron yellow, since in the other fish oils the transition is 
either not so clean or else a brownish -violet coloration is 
produced. 

Eossler agitates with aqua regia, with which pure cod- 
liver oil forms a greenish dark-yellow liniment, turning a 
permanent brown after half an hour, whereas white seal oil 
or a mixture thereof with cod-liver oil gives a faintly yellow 
liquid under this test. 

Kremel found the behaviour of the oil in presence of 
fuming nitric acid (specific gravity 1*50) a far more suit- 
able means of identification. If 10 or 12 drops of the 
sample be placed on a watch glass and 3 to 5 drops of 
nitric acid run in from one side, the following changes are. 
observed : — 

Pure dod-liver oil becomes red at the plane of contact of 
the liquids, turning to bright red on stirring, but quickly 
changing into a pure yellow. 

Coal-fish oil becomes intensely blue at the point of influx, 
the colour changing to brown on stirring, and remaining so 
for two or three hours, to finally become black. 

Japanese fish oil behaves like the last named except that 
red streaks often accompany the blue. 

Seal oil is unaltered at first, and turns brown only after 
some time. 

The nitric acid reaction is so characteristic that the 
adulterations named can be detected easily in quantities 
from 25 per cent, downwards. 

The adulteration of -the oil with non-drying fatty oils can 
be detected by the iodine number, which is in these fish oils 
unusually high. 

Drying oils may be recognised by spreading a sample out 
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thinly on the surface of a glass plate, in that the fish oils, 
although they oxidise very quickly, form no solid skin. 

If 1 part of fish oil be stirred up thoroughly with 2 parts 
of concentrated sulphuric acid in a tall glass, the mixture 
will be clear only in case no foreign fats are present. 

Testing Fish Oils. — The better classes of fish oils are 
for the most part only adulterated with similar oils of low 
quahty, falsification with other oils being practised on the 
medicinal oils only. In testing, regard must be paid to the 
specific gravity. Shark oil is the lightest, the specific gravity 
being 0870 to 0*875 at 15° C; next follow the whale (blubber) 
oils, 0-9100 to 0-925; the seal oils, 0*915 to 0-930; the liver 
oils, 0-920 to 0-950 ; and the fish (waste) oils, 0925 to 0-930. 
These particulars refer only to the pale and clear brown oils, 
the darker sorts averaging about 0005 more. A further 
guide to a decision is afforded by the varying solubility in 
alcohol. 

Seal and whale oils are very readily soluble (the former 
up to 15 per cent.) in hot alcohol, so that more than 1 vol. 
of oil dissolves in 1 vol. of alcohol, whereas liver oils dissolve 
only up to 6 or 7 per cent., and fish (waste) oik only to 4 
per cent. By solution in alcohol the presence of resin and 
mineral oils can be detected at the same time (being charac- 
terised by their ready solubility in alcohol), but they require, 
however, to be confirmed by the saponification test, being 
themselves unsaponifiable. The addition of resin may also 
be proved by agitation in cold alcohol. 

For the identification of pure cod-liver oil, 10 parts of oil 
must, according to Mayer, be shaken up with one part pf a 
mixture (1 : 1) of sulphuric and nitric acids, in a stoppered 
flask, whereupon pure cod-liver oil becomes a brilliant red, 
quickly changing to citron yellow, whilst other fish oils do 
not exhibit the transition into yellow so cleanly, but become 
more of a brownish violet. On agitating fish oil with con- 
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centrated aqua regia, a greenish dark yellow liniment forms 
in the case of pure cod-liver oil, which changes in half an 
hour to a persistent brown, whereas white seal oil or a mix- 
ture of same with pure oil forms merely a pale yellow, faintly 
tinged mixture. The behaviour of the various grades in 
presence of fuming nitric acid of specific gravity 1*50 affords 
a better means for their identification. If 10 to 15 drops of 
the oil to be tested be placed on a watch glass, and 3 to 5 
drops, of the fuming acid be run in from the one side, the 
various fish oils behave as follows : — 

Pure cod-liver oil turns red at the place of contact, the 
colour becoming a brilliant red on stirring up with a glass 
rod, but changing in a short time to pure citron yellow. 

Coal-fish oil becomes an intense blue at the point of con- 
tact (as in the reaction of biliary colouring matter with con- 
centrated sulphuric acid), changing to brown when stirred. 
This coloration persists for two or three hours, to finally 
pass over into a more or less pure yellow. 

Japanese fish oil behaves similarly, but oftentimes the 
blue coloration is accompanied by red streaks. 

Seal oil gives no colour reaction at the outset, and* is 
coloured brown only after some time. 

According to Salkowsky, the adulteration of liver oils with 
vegetable oils can be recognised by the following methods : — 

The Setting-Point and Melting-Point. — The first of these 
is fairly low in fish oils, but the individual kinds vary con- 
siderably among themselves, owing to the removal of the 
solid portions in some by cooling. The time of the operation 
is also of importance, it being feasible in a few cases only, 
viz., palm oil, cocoanut oil, palm-kernel oil, when something 
like 20 per cent, is present, to detect them by the rapid 
setting of the liver oil. 

The Keichert-Meissl number was found for liver oils after 
deduction of the correction 0*2 (O'l to 0*2 for the indicator 
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per 5 grams). For the majority of the fatty oils few higher 
numbers were obtained; only for cocoanut oil and palm- 
kernel oil were the numbers 7*38 and 3*48 found. Only these 
two oils would therefore be detectable with any degree of 
probabihty in fish oil, and then only when in large quantity. 

Estimation of the phytosterin content. The test is prefer- 
ably appUed in two forms, in that on the one hand sulphuric 
acid is run direct into the oil in a watch glass, and, on the 
other, a few drops of the oil are dissolved in chloroform and 
then shaken up with the acid. A blue coloration ensues, the 
cause being attributable, not to the 03 per cent, of chole- 
sterin, nor to any biliary colouring matter present, but rather 
to a pigment known as lipochrome. 

The cholesterin of liver oil is not identical with that 
obtained from vegetable oils, the latter agreeing with phyto- 
sterin. Cholesterin sets to a pulp of laminated crystals, 
phytosterin to fascicular groups of solid needles. The melt- 
ing-point of the latter is about 132° to 134° C, that of 
cholesterin being 146° C. These differences are sufficiently 
characteristic to enable vegetable fats to be detected in liver 
oil. If 10 grams of liver oil be saponified with 10 grams of 
caustic potash and a little alcohol, then diluted with water 
to a 600-700 c.c. solution, shaken up with 500 c.c. of ether, 
and the ethereal extract filtered, evaporated and purified, if 
necessary, by a second saponification, the cholesterin will be 
obtained in a nearly pure state. That from pure liver oil 
will have a melting-point of 146° C, whilst that from oil 
containing 20 per cent, of vegetable oils will melt at 139°- 
140° C. 

The microscopical examination of the cholesterin affords 
another means of detecting adulteration. The percentage 
of free fatty acids in good liver oils is very small, about 0*25 
to 0*69 per cent., whilst most of the commercial vegetable 
oils contain larger quantities. 
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The method proposed by Salkowsky for estimating the 
volatile fatty acids insoluble in water is rather cumbrous and 
uncertain in its results and is therefore not very suitable for 
use in practice. 

Whereas liver oil contains, according to Allen and Thom- 
son, 0*46 to 1-32 per cent., or, according to Salkowsky, only 
0*3 per cent, of cholesterin, Jean found therein 6 per cent, of 
an oily, unsaponifiable substance, which gives a beautiful red 
coloration with a drop of sulphuric acid. In order to test 
the accuracy of these reports Fahrion determined the chole- 
sterin in thirty samples of fish oils, by Honig and Spitz's 
method. Of these, fourteen contained less than 1 per cent., 
eleven between 1 and 2 per cent., three between 2 and 3 per 
cent., and only two shark oils more than 3 per cent, of un- 
saponifiable matter. Shark oils are classed on the one hand 
with the liquid waxes, and on the other with the liver oils, 
the numbers obtained speaking more in favour of the latter 
assumption. 

In the case of cod-liver oils the darker sorts, as a rule, 
contain more cholesterin than the lighter grades. This may 
result from the method of preparation, the lighter qualities 
being obtained by cold, and the darker by the subsequent 
warm pressing. From the figures obtained it is permissible 
to conclude that the cholesterin content (6 per cent.) re- 
ported by Jean is quite possible. 

Duliere examined various liver oils and found the values 
given in the French Pharmacopoeia to be too low ; there the 
specific gravity is given as 0'920-0*922, whereas he found it to 
be 0*9271 at 15° C. Oil prepared from fresh livers should 
not redden blue litmus paper. Contrary to the views of 
various investigators, Duliere was unable to discover any 
alkaloids in perfectly fresh liver oils or in the white com- 
mercial oils. The iodine numbers of liver oils freshly pre- 
pared by the author, as well as those of good commercial 
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grades, approximate very closely, and range from 144 to 151 ; 
the Indian and similar oils have iodine numbers varying 
between 116 and 138*74, and that of Japanese oil is still 
lower, viz.^ 98*74. According to Duliere the saponification 
value of a good liver oil is between 19*48 and 21*61. 

Aetificial Tkain Oil and its Pkepaeation. 

By artificial train oil is understood a dark-coloured pro- 
duct prepared from resin oil and extensively circulated in 
commerce under the name of '' lion train oil " (Lowenthran). 
It plays an important part in chemical industries on the 
small scale. The pale train oils, commercially known as fish 
oils are as a rule pure, or at most adulterated, being 
rarely exclusively artificial products. 

The dark oil is, as already mentioned, chiefly a resin 
product. Although low quality materials alone are used for 
its production, the preparation is particularly difficult owing 
to the very particular requirements exacted by consumers. 
The criteria of the quality of artificial train oil are colour, 
smell, viscosity, and feel, as well, of course, as deceptive 
appearance, it being necessary for the colour to be deep 
black, without fluorescence, by reflected light and reddish 
brown in thin layers by transmitted light. The oil must be 
perfectly clear and of at least the consistency of syrup. 
When rubbed between the fingers it should not exhibit any 
great degree of slipperiness, although not sticky, such as 
happens when, e.g., Vulcan oil is present. 

It is a decidedly difficult matter to produce from the 
materials at disposal (in Germany) an artificial train oil that 
can fulfil the above requirements and be sold at the low 
prices brought about by foreign competition. 

The chief material employed is the so-called resin stock 
oil, which in correspondence with the properties of the pro- 
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•duct, should be very thick and have the least possible smell 
xind bloom. The paler and clearer the stock oil the better it 
is adapted for the purpose in view, a turbid and consequently 
•darker resin oil being much less suitable. 

The next constituent in point of importance is *' blue 
-oil/' the quality of which is an even more particular matter 
than that of the resin oil. The specially strong smell and 
fluorescence characteristic of GaUcian " blue oil " are gener- 
ally so difficult to remove or mask, that here already the 
fundamental causes of bad quahty in the final product are 
iio be sought. 

Unimportant as raw niaterials are the nitric acid and 
molasses, by means of which nearly all " lion train oils " are 
prepared. 2 parts of resin oil are mixed with 1 part of "blue 
-oil " (the proportions are varied according to the degree of 
viscosity desired), a fairly concentrated nitric acid being then 
added which de-blooms the mixture probably by the forma- 
tion of nitro compounds from the hydrocarbons of the resin 
oil, and moreover deodorises and darkens the product, 1*5 to 
2 per cent, of acid being sufficient to effect these objects so 
far as is possible with these raw materials. The smell of 
resin oil in particular does not entirely vanish, but this does 
not matter much, as in the finished product it will resemble 
irain oil. The addition of 2-4 per cent, of molasses helps 
l)oth the colour, and more particularly the masking of the 
smell. During the entire process the temperature in the pan 
<open pan heated by direct fire) is kept at about 60°-80° C. 
As soon as the product exhibits the desired appearance it is 
left to stand for two or three days to clarify completely. 

In the manufacture of leather grease, a large quantity of 
^a liquid oil is recovered as well as the solid fat, and may be 
-classed as " extracted train oil ". This dark oil, which has a 
•decided fish-oil smell and the properties of good natural fish 
oil, has given excellent results as an adjunct to artificial train 
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oil, an addition of 5 per cent, of this leather train oil to a- 
comparatively poor ** lion train oil " having effected such an 
improvement in the latter that a dealer, who from long ex- 
perience may be considered as an expert, and before whom 
samples of the original ** lion" oil and the same after addi- 
tion of the leather oil were plticed for an opinion, classed the 
latter as good and the former as unfit for use. 

In preparing light-coloured train oil the modus operandi 
is as follows : — 

Good, pale, bloomless, faint-smelling resin oil is mixed 
with J to J (according to the viscosity, etc., desired) of de- 
bloomed Eussian oil of specific gravity 0*885 (or Galician oil 
of specific gravity 0*895-0*905) and warmed. When cold, 5-10 
per cent, of pure fish oil is mixed in, together with a trace 
of trimethylamine solution, and well stirred. Should turbid- 
ity arise on account of the small quantity of water in the 
trimethylamine solution, which at most amounts to yV P^^^ 
cent., the oil is left to clarify. The product will resemble 
pure fish oil iri all particulars, and although possessing a 
bitter taste, may be used with advantage as an adjunct to 
pure fish oil. 

Degras, Tanner's Grease, Leather Grease, Waste 
Grease (Gerberfett, Lederfett, Abfallfett). 

The substance indicated by the above names was 
originally a waste product obtained in the preparation of 
chamois (shamoy) leather, whereas it is now prepared on its 
own account. Formerly the price was high by reason of the 
article being a bye-product prepared in a special manner and 
only in limited quantity ; and even now that degras can be 
prepared in any desired amount, it is saleable at relatively 
high rates, a circumstance rendering its production a profit- 
able undertaking. In composition, degras is nothing more 
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or less than an emulsified fat, i.e.y a fat existing in an ex- 
tremely fine state of division in a suitable liquid, so that it 
forms a mass of buttery or salve-like consistency. The skins 
to be dressed for chamois leather are unhaired by liming and 
scraping with knives, and then immersed in a bath of bran 
in a state of acid fermentation. They are afterwards wrung 
out, dressed over with train oil or liver oil, fulled for two 
or three hours and left exposed to the air a short time. 
These operations of fulling with fish oil and hanging out are 
repeated until the skin is full of oil and all the water has 
been expelled, the oil having meanwhile, under the influence 
of the air, become partly oxidised and intimately combined 
with the fibre. To complete this conversion, the skins, 
which are laid one above another, are subjected to a kind of 
fermentation, air being admitted from time to time in order 
to prevent over-heating. The excess of oil is then removed 
l)y wringing, scraping, straking, or hydraulic pressinpf ; and 
the skins finally treated with a lukewarm solution of potash 
from which further portions of the oil separate out on stand- 
ing. According to another account the suitably prepared 
skins are sprinkled with fish oil and thrown into heaps 
which become fairly hot in consequence of the incipient de- 
composition of the fat ; after a short time the skins are well 
fulled and finally treated with a 10 per cent, solution of 
potash, in which manner is formed the so-called white 
liquor, wherein the degras, i.e., the fat, is present as very 
finely divided drops. To this liquor is added enough sul- 
phuric acid to neutralise the potash, and when the liquid 
is left at rest the fat collects at the surface and forms a dirty 
white, or yellow to brown, mass of fairly mild flavour, prin- 
cipally used for softening tanned leather, which substance 
absorbs it with great facility. 

In many factories hides are used for the sole purpose of 
manufacturing degras, being shamoyed again and again by 
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alternate oiling, fermenting, fulling, and treating with potash 
solution until they are worn to tatters. 

Various artificial products with the same name are used 
to replace true degras, and are prepared from fish oils and 
other fats, to which are frequently added tallow, resin, oleic 
acid, etc., etc. 

All kinds of degras contain large quantities (mostly 12 to 
20 per cent.) of water, which, in good qualities, should not 
separate out even after long standing. The emulsive capac- 
ity depends on the amount of a resinous oxidation product 
formed in the process. The larger the quantity of this sub- 
stance present the more easily is the emulsion produced, so 
that a degras containing 13*9 per cent, of resin substance and 
53 per cent, of water produces such an intimate mixture that 
it will remain perfectly homogeneous even after two months. 

The colour of this resin-like substance is brown, and 
its melting-point between 65° and 67° C. It is saponifiable, 
cannot be precipitated by common salt from alkaline solution 
(distinction from fats), is insoluble in water, soluble in alcohol 
and ether, but insoluble in petroleum spirit (distinction from 
resin). It does not occur in fish oils, but is only formed in 
the process of shamoying. Most kinds of degras contain 
unsaponifiable substances derived from the fish oil ; thus, for 
example, degras from sperm oil contains cetyl alcohol, and 
that from liver oil an oily, unsaponifiable mass, of which 
6 per cent, is present in the unaltered liver oil. The content 
of free fatty acids varies greatly, but the quantity does not 
affect the quality of the degras. Pure degras is contaminated 
with solid organic matters, particles of skin and membrane, 
which should, however, not exceed 5 per cent. The specific 
gravity of degras, freed from water, viz., 0*945 to 0*955, is 
higher than that of the fish oil used in its preparation. 

An examination of fish oils, after Livache, by treatment 
with metallic lead, showed (in harmony with practical ex- 
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perience) that the fish oils best suited for the production of 
degras are those most capable of absorbing oxygen. Whale 
oil is the most in demand, and sardine oil, which yields only 
some 3 to 4 per cent, of resinous matter, is unsuitable. 

Examination of Degras. 

Water Determination. — Five grams of substance are di- 
luted with petroleum spirit and filtered through a tared dry 
tube containing a wad of cotton wool, the filtrate being 
distilled off and the residue evaporated in a basin, dried at 
120° C, and weighed. The insoluble portion is estimated by 
drying the filtering tube at 120° C. and weighing, the con- 
tents being then incinerated in a platinum crucible. If the 
residue be but small there is nothing but organic matter 
present, whereas if large it must be weighed and qualitatively 
examined (for clay, chalk, gypsum, etc.). 

Ash. — For this estimation 5 grams are used. If the ash 
be alkaline, then it is extracted with water, filtered and 
titrated. 

Mijieral Acids. — If the degras have a strongly acid re- 
action, 25 c.c. of the sample are boiled with 200 c.c. of water, 
left to cool, and the two layers separated by means of the 
separating funnel, the nature of the acid (mostly sulphuric 
acid) being ascertained from one part of the aqueous layer, and 
another aliquot part (50 c.c.) being titrated with caustic soda. 

The subjoined tests are performed on the degras after 
drying and filtering through linen. 

TJnsaponifiahle Matter. — A preliminary test by boiling 
with alcoholic caustic potash and decomposition with am- 
monia readily shows whether any unsaponifiable matters are 
present. If turbidity occurs the test is positive, and the 
examination is then commenced by the quantitative deter- 
mination of the unsaponifiable matters, their investigation 
being subsequently carried on according to known rules. 
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Besinous Matter. — The ether-extracted soap solution used 
in the foregoing determination is evaporated until the solvent 
is expelled, and precipitated hot with an excess of pure 
sodium chloride. When cooled the coloured Hquid is filtered 
from the deposited soap into a flask and qualified with hydro- 
chloric acid, whereupon the resin comes down in flakes, 
which unite on boiling and attach themselves to the walls of 
the vessel. After leaving to cool, the mass is brought into 
condition for weighing by agitation with ether, evaporation 
of the solvent and drying. Admixed resin is detected by 
extraction with petroleum spirit, which does not dissolve the 
resinous matter of degras. 

Extraneous Fats. — The presence of extraneous fats, such 
as wool fat, oleic acid, tallow, etc., may be suspected when 
the specific gravity of the oil extracted from degras falls 
below 0*920, since degras from fish and whale oils has a 
density of 0*949 to 0'955. For the presence of tallow, 
characteristic information is afforded by the melting-point of 
the fatty acids, those of tallow melting only above 40° C, and 
therefore raising the melting-point of those in the degras, 
since the acids from whale oil melt at 24*9° C, those from 
liver oil at 18*5° C, and those from Japanese oil at 30'8° C. 

Free Fatty Acids. — These are titrated by caustic soda 
and phenolphthalein. The saponification value 159 is used 
as a basis for calculating the percentage of free fatty acids in 
whale oil. The oil from degras contains generally 15 to 19 
per cent, of free fatty acids. 

Jean gives the following examples illustrating the con- 
stitution of deo^ras : — 





1. 


2. 


3. 


4. 


5. 


Water .... 


- 18-9 


19-84 


12-93 


28-9 


19-20 


Ash - . - - 


- 0-25 


0-13 


0-66 


0-7 


0-07 


Particles of skin - 


- 0-30 


0-30 


0-04 


0-68 


0-27 


Oil - - - - 


- 69-71 


74-66 


80-00 


66-93 


76-66 


Unsaponifiable matter - 


- 0-84 


6-06 


— 


— 


— 


Resinous matter - 


. 4-00 


4-05 


5-81 


3-52 


4-80 
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Fahrion, on the basis of numerous experiments, comes to 
the conclusion that the same products are obtained from fish 
oil by shamoying as are yielded by oxidation in the air, and 
that the degras expressed from shamoyed leather is nothing 
more than a partly oxidised fish oil mixed with larger or 
smaller quantities of nitrogenous matter extracted from the 
skin. Leinand*s ** degras-former " is a mixture of oxyjecoric 
acids and their anhydrides, contaminated by small quantities 
of nitrogenous substances. 

When degras was introduced as an emollient into the 
tanning industry its use was found to be attended by so 
many advantages that the waste product of the shamoying 
process soon became insufficient to cope with the demand. 
In this extremity recourse was had to fulling not only raw 
skins, but also the finished chamois leather, with fish oil, 
exposing it to the air, and when sufficiently oxidised recover- 
ing the oil by pressure as in the original process. Notwith- 
standing that the resulting product is identical as regards 
both appearance and action with the actual primary degras 
(premiere torse) , specially valuable properties are, in some 
quarters, still attributed to the latter. Against this view it 
must be emphatically asserted that, in general, the secondary 
products are preferable in so far that the fish oil extracts 
from the raw sheepskins the natural fat, rich in cholesterin, 
occurring therein, and at the same time takes up a great deal 
more of the nitrogenous constituents than in the case of the 
shamoyed leather. Fahrion prepared a similar product on a 
small scale by impregnating pieces of chamois leatlier with 
the sardine oil frequently employed, and, after three days' 
exposure to the air, extracting with ether. The **moellon *' 
thus prepared forms, when freed from water, a thick red oil. 
The analytical results obtained therefrom are subjoined, the 
figures for the original oil being added for the sake of com- 
parison : — 

14 
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Fish oil in Mo^Ilon in 

per cent. per cent. 

Iodine number 193*2 76*4 

Acid number 20*6 29*6 

Unsaponifiable matter - - - - 0*6 1*0 

Fatty acids 94-5 65*8 

Total oxy-acids 0*7 23*0 

Solid oxy-acids 0*2 7*3 

The chamois leather has the same appearance after ex- 
traction as before, its only task in the de^ras process being 
to finely divide the particles of oil and so render it more 
accessible to the influence of atmospheric oxygen. 

From the sum of the unoxidised and oxyfatty acids the 
presence of volatile matters in moellon is revealed ; and since 
these are evolved by prolonged heating to 120° C, and since, 
moreover, oxidation and condensation processes still go on 
at that temperature, the method of estimating moisture 
proposed by Jean (mixing with quartz sand and drying at 
120° C.) must, therefore, be totally rejected. Drying may 
be continued all day long without the weight becoming 
constant, and almost any desired result may be obtained. 
Fahrion sums up the results of his thoroughgoing re- 
searches on the fish oils as follows : The by far most pre- 
dominant solid fatty acid in fish oils is palmitic acid. Of 
liquid fatty acids they do not contain any of the known 
members — oleic, linolic, linolenic, isolinolenic acids — but, on 
the other hand, a hitherto unknown heptadecylic acid, asellic 
acid (C17H32O2), and also — as a characteristic constituent 
which is the cause of their ready oxidation — the isomer of 
linolenic acid, jecoric acid, CigHaoOg. Very probably there 
are also one or more unsaturated fatty acids present; for 
example, the fact that in the combustion of oxyjecoric acid 
an excess of hydrogen is always obtained indicates the 
probable presence of a fatty acid isomeric with linolic 
acid. Nevertheless, since these other fatty acids do not 
conform to Hazura's law, nothing definite can be stated 
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on the subject until further methods of investigation are 
discovered. 

PbBPABATION of DiORAS FROM FiSH OiL. 

A good deal of degras is prepared by a not very complex 
method, fish oil being converted into an emulsion in the 
following manner : — 

A 10 to 20 per cent, solution of potash is heated to boiling 
in a roomy pan, and fish oil is ran into the hot liquid in a 
thin stream, from a vessel situated at a higher level, the two 
being kept continually in motion by means of a stirring ap- 
paratus. The quantity of oil employed must be determined 
for the various kinds of fish oil in every case ; many kinds 
may be used up to 50 per cent, of the weight of potash 
solution, whilst with others the supply must be cut oflf 
much sooner. When all the oil has been added the paddles 
are kept at work for some time longer, and the mass is con- 
tinuously heated, samples being taken from time to time, 
until, after prolonged standing in a high test-glass, the 
milky, and apparently homogeneous, liquid does not separate, 
into two layers, but only becomes thicker on cooling, where- 
upon the operation is considered at an end. The degras is. 
allowed to cool, but still kept stirred, incessantly, until it, 
begins to thicken, w^hen it is at once poured into the pack-- 
ages in which it is sent out for sale. 

In the majority of instances the operation thus performed 
is conducted to a successful issue, a degras conforming to all 
requirements being obtained. With some oils, however, all 
the trouble taken to ensure a usable product seems wasted. 
For example, the stuff may be heated and stirred, hour after 
hour, and the product will still, on standing, allow a great 
portion of the fat to separate out again, a circumstance 
leading to the conclusion that some kinds of fish oil are 
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incapable of forming an emulsion with potash solution. On 
this account it is always advisable to subject oils intended 
for degras to a preliminary examination for their behaviour 
in this connection ; the test can be performed in an en- 
amelled vessel with a few quarts of potash solution. 

^ish oils that will not properly emulsify with potash lye 
can, nevertheless, be easily worked up into degras by first 
boiling a very weak solution of caustic soda in the pan, then 
stirring the oil in until the liquid is milky and adding a 
highly concentrated solution of potash, stirring incessantly 
until no more drops of fat can be discerned in the mass ; the 
.above-named test is then performed. The operation is con-* 
(ducted as follows : In a pan of suitable size, m]iA causl^ 
fsoda at the rate of 1 kilo (2-2 lbs.) per 100 htres (^ gaUs.) of "^^7^^"; 
water is dissolved. Two vessels, one containing the fish oil, 
the other the concentrated potash solution, and both fitted 
with taps, are placed above the pan. The potash solution 
is prepared by suffusing the potash with its own weight of 
water and leaving them to stand, with occasional stirring, 
for twenty-four hours, at the expiration of which time the 
concentrated liquor is poured ofif from the undissolved portion 
and placed in the vessel referred to. 

The soda lye is first heated to boihng and the tap of the 
. oil vessel then opened wide enough to allow a stream of the 
oil, of the thickness of a lead pencil, to flow, the liquid in 
the pan being meanwhile stirred with vigour. When the 
liquid has become milky after all the oil is in, the potash 
solution also is admitted in a thin stream, and the whole, 
stirred until the sample shows a favourable result. 

If the finished product is desired to have a thick, salve- 
like consistency, a somewhat larger quantity of caustic soda 
must be taken at the outset and the solution made of IJ to 
2 per cent, instead of 1 per cent, strength, the amount 
necessary being carefully ascertained by a preliminary ex- 
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periment, since an excess of soda will make the cooled 
product more like soap than salve. The degras should be 
of such a consistency that it can be easily rubbed on to the 
leather by the finger and as readily absorbed. 

D]6gras according to Herrburger. 
> 

The methods of preparation are : — 

(1) 50 kilos of raw linseed oil, 126 kilos of fuller's greasev 
(previously left to stand for four or five days over spent pina*. 
tan), 25 kilos of ordinary fish oil, 16 kilos of soft (potash) soap, 
and 1 kilo of lime soap, perfumed with y^ part of oil of 
valerian and J per cent, of butyric acid. 

(2) A mixture is prepared from fish oil, a fish oil soap 
boiled with hme, and 100-120 per cent, of water, by shaking 
together until the mass sets. 

(3) Fish oil mixed, according to requirements, with 
tallow and potash. 

Preparation of Commercial Di^qbas. 

The white liquor from the shamoying process, or the oil 
obtained therefrom, and known as pure degras, mollo, or 
moelloriy is only partially employed in commercial degras ; 
even the Paris makers, recognised as the best producers of 
degras, only using it as an adjunct. When the waste pro- 
duct of shamoying no longer sufficed to supply the demand, 
factories were erected to treat skins with the sole object of 
producing moellon, soaking them in oil and then washing 
them with potash, many times over until the skins are com- 
pletely destroyed. This product forms one constituent of 
commercial degras. 

For its production are required a copper pan, a wide 
wooden vat, a stirrer and a filter for sifting. The materials 
are moellon, fish oil, wool fat, and commercial marble or 
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freshly burned white lime, the latter converted into hydrate 
by means of 30° Be. caustic soda, for which purpose 50 kilos 
of soda lye are required per 100 kilos of white lime. 

In the first place 80 kilos of fish oil and 2 kilos of 
marble or lime are placed in the pan (which must be large 
enough to hold double the quantity) and heated to boiling for 
an hour with continual stirring in order that the two may 
combine thoroughly and the marble be prevented from sub- 
siding to the bottom and giving rise to charring, which 
would make the oil dark or black and unfit for use. The 
mass froths up strongly; after .the surface has become clear 
again the contents are passed through a fine silk gauze sieve 
into the vat and cooled down to 45° C. Meanwhile, 50 kilos 
of fain or river water are heated to 30° C. in the pan, along 
with the residue left in the sieve, and when the mass in the 
vat has cooled to the prescribed temperature, the said water 
is run into it in small portions through the sieve, and stirred 
the while. When all the water has been incorporated, the 
stirring is continued until the mass is perfectly cold and it is 
then left at rest ; the product will have the same degree of 
consistency as a soft butter. 

On the following day 200 kilos of moellon are stirred in, 
without heating, followed by a mixture of 100 kilos of wbol 
fat, 50 of fish oil, 10 of tallow and 10 of palm oil, previously 
warmed to 40° C. in the pan and stirred until thoroughly 
intermixed.. The whole is then kept stirred until perfectly 
cold, and at the end of twelve hours, by which time it will 
have attained a soft buttery consistency, can be packed into 
the transport casks. If the water has been used too hot, or 
the above temperatures exceeded, the degras will be quite 
fluid, water will separate out on standing and the mass soon 
become infested with mould. 

Forty kilos of pale {e.g., Greenland) fish oil are warmed 
and then mixed by stirring with 
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J kilo caustic lime from marble, and 
15 kilos water, followed by 
100 „ natiiral degras, 
10 „ light fish oil, 
15 „ Lagos palm oil, 
40 „ purified wool fat, and 
30 „ water. 

This degras contains in percentages: — 

Pale iSsh oil, 20 per cent. ; mollo (degras), 40 per cent. ; 
palm oil, 6 per cent. ; wool fat, 16 per cent. ; water, 18 per 
cent. ; and by reason of its content of soap and albuminoids 
protects the leather from drying up and preserves it for a 
long time. 

Wiener on Degras. 

A deep pan is selected for heating by direct fire ; or, if 
steam be at disposal, a wooden vat, arranged for steam 




Fig. 61. Pan, with Stirrers, for Preparing Degras. 

heating. In either case stirrers are provided, these appliances 
consisting of a vertical shaft (passing down the centre of the 
pan and driven by gearing overhead), to which are attached 
several lateral arms, describing circles when the shaft is 



Digitized by 



Google 



216 ANIMAL FATS AND OILS. 

revolved, and keeping the contents of the pan in continual 
motion. When fire heat has to be employed it is advisable 
not to let the flames come in direct contact with the pan, 
but to surround the latter vdtb a water jacket as shown in 
Fig. 61. 

The pan K, mounted in the brickwork setting H, is sur- 
mounted by a wooden extension A, with which it makes a 
watertight connection, so that by this means the pan M, 
wherein the degras is prepared, can be placed in a higher 
position. R represents the stirrers, and D a wooden lid 
covering the pan M. By this arrangement the temperature 
m the latter vessel can never exceed boiling heat, and con- 
sequently the contents are prevented from charring. 

A solution of 5 kilos (11 lb.) of potash in 10 litres (2-2 
galls.) of cold water, prepared a day in advance by stirring 
up and then allowing to settle in a suitable vessel, is placed 
in the pan and 90 litres (20 galls.) of water are added thereto, 
the resulting weak lye being heated to boiling, and a few 
kilos of fish oil ran in as a thin stream with constant stirring. 
The heating and stirring are continued until a sample taken 
out is found, on cooling, to have the consistency of degras. 

The operation may also be modified by making an 
emulsion of fish oil with concentrated potash lye in the pan 
and then adding water until the proper consistency is 
attained. 

Olein Degras. 

The olein or oleic acid obtained as a lye product in candle- 
making can be advantageously utihsed for the preparation of 
a very useful degras, which is, however, inferior in its pro- 
perties to that produced from fish oil. 

The mode of preparation is the same in both cases, the 
operation commencing with the running of the olein into the 
boiling caustic soda lye. The formation of the milky liquid 
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is generally effected more quickly than when fish oil is used, 
and then follows the addition of potash lye and stirring until 
the product is finished. 

If the latter seems from the quickly cooled sample to be 
still too liquid, a suitable quantity of olein soap is added to 
the (still warm) mass in the pan. In order that the soap 
may quickly dissolve without leaving any residue, it is 
essential that it should be cut into thin strips and the stir- 
ring continued until no white flakes of undissolved soap can 
be detected in a carefully examined sample taken from the 
pan, but the mass appears perfectly homogeneous. 

Many practical men are of opinion that a brown-coloured 
degras acts more powerfully than a pale one, a supposition 
that is nevertheless without foundation, the brown colora- 
tion depending merely on the use of dark-coloured materials 
in preparing the degras. The demand for dark-coloured 
products can easily be met by the employment of a suitable 
colorant added to the hot mass, a highly concentrated ex- 
tract of tan or tannin being the most suitable for the purpose. 
The liquid in question is run in as a thin stream into the hot 
degras and stirred until the colour is uniform ; it is, however, 
of course necessary to see that the degras preserves its salve- 
like consistency. When spread out rather thickly over a 
glass plate and held up to the light, well-prepared degras 
should transmit the light uniformly without displaying any 
dark patches in the mass. 

Degras from Waste Fat. 

By suitable treatment any fat which, by reason of exceed- 
ing impurity, is scarcely fit for any other purpose, may be 
converted into degras. Thus, for example, a very useful 
and high-priced degras can be prepared from the dark and 
repulsive smelling fat obtained by boiling bones that are 
already in an advanced stage of putrefaction. 
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For this purpose the fat is heated in a pan for half an 
hour to 120"* to 130"* C, with continued stirring (whereby a 
very disagreeable smell is given oflf), and is then stirred with 
4 to 5 per cent, of a ^ per cent, soda lye, followed by the 
potash lye as in the case of the degras made from fish oil. 
In this manner is obt&ined — generally without any soap being 
required for thickening — a brown degras fulfilling all the 
requirements that can be exacted of the product. 

Black Degras 

can be prepared by stirring into the hot degras, coloured 
with tan or tannin extract, some green vitriol (ferrous sul- 
phate) dissolved in a small quantity of water, whereupon the 
entire mass will turn a deep black. Such degras forms an 
excellent emollient for black leather. 

Wool Fat (Wollfett, Wollschweissfett, Suint). 

Baw Material. — The wool of the sheep, which contains a 
considerable quantity of this fat. 

Prepara Hon. — By extraction with carbon bisulphide, 
petroleum spirit, etc., in the usual or specially constructed 
apparatus. The crude fat contains also decomposition pro- 
ducts of gelatinous and albuminoid bodies, to which the 
dark colour of the substance is due. If these products be 
successfully removed before they have undergone decomposi- 
tion, a pale yellow wool fat is obtained, with gelatine and 
albuminoids as bye-products. To this end the best material 
to employ is the solution of wool fat obtained by extracting 
the crude fat or dissolving it in suitable solvents. This is 
treated with a small addition of syrupy phosphoric acid or 
the subjoined precipitants : pyro- and meta-phosphoric acids, 
acetic acid, lead acetate, tannic acid — well stirred up and 
mixed without interrupting the stirring — with 2 per cent, of 
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tenzine, alcohol or strong spirit. In a very short time the 
precipitated bodies will have settled down. The amount of 
phosphoric acid, etc., necessary for. the precipitation varies 
w^ith the origin of the wool and the content of fat, and must 
be ascertained beforehand, but as a rule will not exceed 2 
per cent, of the fat. The clear and now pale yellow coloured 
benzine solution separated from the precipitate resulting 
from the above treatment can be evaporated without delay, 
and will leave behind a pale yellow fat. If, instead of ordi- 
nary wool fat, neutral wool fat is desired, the solution rest- 
ing on the precipitate is not first evaporated, but is treated 
vv^ith aqueous alkali, heated and well stirred up, the aqueous 
layer containing the resulting soap being separated, after 
•standing a little while, from the supernatant solution of 
neutral fat in benzine. If the separation is attended with 
diflQculty it may be facilitated by the addition of a little 
alcohol or spirit. The benzine containing the neutral fat 
can then be evaporated or may be first treated with calcium 
•chloride for the removal of any particles of water (and traces 
of soap dissolved therein) in suspension. 

The separation of the gelatinous and albuminoid bodies 
from the wool fat is easily effected in the above-described 
manner, provided the crude fat, or fatty matter from which 
the fat has been dissolved by benzine or the like, has not 
been previously subjected to prolonged heating. If, however, 
the fat in the benzine solution employed has already been 
once heated to completely expel the solvent, or brown, com- 
mercial wool fat obtained from crude wool fat by hot press- 
ing or similar methods is used, then the separation of the 
gelatinous and albuminoid matters by the aforesaid precipi- 
tants is, by reason of the partial decomposition undergone 
by the former, incomplete. The product is, it is true, paler 
than the original material, but will not be a light-coloured 
yellow fat. It is, therefore, necessary to lay particular stress 
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on the selection of a material in which the gelatinous and 
albuminoid bodies have not suffered decomposition. The 
precipitation of the extraneous matters is best effected hy 
using highly concentrated acids, such as the syrupy ortho-^ 
pyro- and meta-phosphoric acids, glacial acetic acid, etc. 
Alcohol by itself will not produce any precipitate. The 
simultaneous or successive action of the aforesaid precipi- 
tants and alcohol on the dissolved wool fat, with the object 
of precipitating the gelatinous and albuminoid matters, is 
difficult, and it is necessary, after ascertaining the presence 
of such bodies in the wool fat, to find the reagents suitable 
for their precipitation, since they cannot be deduced simply 
from scientific chemical data, the aforesaid precipitants being 
unable of themselves to throw down matters from the solu- 
tion of wool fat, this result only ensuing on the addition of 
alcohol, which latter substance again is, by itself, incapable 
of effecting precipitation. 

Properties. 

Specific Gravittj,— At 15° C, 0*973 (Schaedler). 

Melting-Point— d^"" to 42-5° C. (Stockhardt). 

Crude wool fat is a greasy, unpleasant-smelhng, yellow 
or brown mass which, by reason of its high content of 
cholesterin, isocholesterin, stearic- and palmitic -cholesteryl- 
ether, and creatic-oxylether, is only imperfectly saponifiable* 
Moreover, it contains, in addition, glycerides among which 
occur those of the lower fatty acids {e.g.^ valeric acid) and 
potash soaps of the said acids. When subjected to distilla- 
tion it yields distilled wool fat which has the following 
characteristics : — 

Melting-point, 42° C. ; setting-point, 40° C. ; melting- 
point of the fatty acids, 41*8° C. ; setting-point of the fatty 
acids, 40° C. ; saponification value of the fat, 1698 ; of the 
fatty acids, 170*8 ; iodine number, 360 (Hiibl). 
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Distilled wool fat consists almost exclusively of free fatty 
acids and cholesterin. When treated in the usual manner 
for the separation of the insoluble fatty acids a white mass is 
obtained, which, in a few days, turns yellow and then orange, 
and, by reason of the presence of volatile fatty acids, re- 
sumes the characteristic smell of wool fat. 

Purified Wool Fat 

is met with in commerce under the names of lanolin and 
Adeps lance. The crude fat, which under the designation 
of (Esypus was employed for medicinal purposes by the 
ancients, is a brown evil-smelling mass. According to Jaffe 
and Darmstadter the following means are employed for 
its purification. Tbe soaps present in wool fat are 
converted into insoluble fatty salts by means of aqueous 
solutions of salts of the alkaline earths, or by metallic sul- 
phides, and the mass treated in the centrifugal separator. 
It is then extracted by boiling acetone, wherein the wool fat 
alone is soluble, and this substance is recovered by cooling 
the solution or distilling of the acetone. The crude wool fat 
treated with alkaline earths can also be dissolved in benzine, 
benzol, xylol, toluol, isobutyl alcohol, amyl alcohoJ, or carbon 
bisulphide, and the soaps thrown down by an addition of 
acetone. Instead of centrifugal force, lime water and an 
aqueous solution of a salt of an alkaline earth can be used 
for separating the wool fat from the wool washings. The 
soap in precipitating breaks up the emulsion and causes the 
separation of the fat, which can then be skimmed off, and, 
when treated with alkalis, be made to yield up its fatty acids. 
When the products of the reaction are treated with methyl- 
or ethyl alcohol lanolin is left behind insoluble. Also in 
treating wool fat with alcoholic potash the pure wool fat 
remains undissolved. The wool fat is made into an emul- 
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sion with ammonia, and strong alcohol is added, whereupon 
the pure wool fat is precipitated ; and it is this fat that, when 
kneaded with water, is put on the market as ** lanolin ". It 
melts at 40° C. and can absorb as much as 105 per cent, of 
water without losing its salve-like consistency. Being sap- 
onifiable with difficulty, and therefore not becoming rancid, 
it is used as a basis for salves, an adjunct to cosmetic soaps, 
etc. A. von Ead removes the colouring and odorous matters 
of crude wool fat by treating them with oxidising agents, 
such as bleaching powder, or permanganate, in an alkaline 
solution, the wool fat being extracted with strong alcohol, 
benize, sulphuric ether, benzol, ether and chloroform. 

In order to obtain perfectly neutral products wool fat is 
esterified in admixture with oleic acid, of which no further 
addition is, however, necessary, this acid being present in 
the raw material. This is treated with alcohol and sulphuric 
acid (66° Be.). Ead designated the mixture of cholesterin 
ethers (wool fat) with the neutral ethers of oleic and ricin- 
oleic acids by the name of ** lanesin '*. The " Norddeutsche 
WoU-kammerei u. Kammgarn-spinnerei " prepares neutral 
wool fat by adding to the crude wool fat, thrown down from 
the wool washings by sulphuric acid, some fat solvent such 
as benzine or carbon bisulphide either before or after 
neutralisation and following this up at once by a solution 
of common salt, magnesium chloride, sodium sulphate, etc. 
The soap is hereby separated from the dissolved wool fat, 
which can be recovered by evaporating the solvent. The 
use of sulphuric acid in this process may be superseded by 
sulphurous acid, which prevents putrefaction of the washings. 
The product so obtained is introduced into commerce under 
the name of Adeps lance for pharmaceutical 'purposes. 
J. Eoos emulsifies wool fat with boiling water and soda 
solution, the layer of unsaponified cholesterin collecting on 
the surface being skimmed off and the residual emulsion 
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treated with dilute acid for the recovery of the fatty acids, 
which latter are employed in soap-making under the name of 
"patent fat". 

Spebmaceti (Walrath, Spermacet). 

Baw Material, — The fat found in the skull cavity of the 
cachelot or sperm whale, and in other species of dolphin. 
In the living animal the spermaceti occurs dissolved in 
sperm oil, and separates out after death. 

Preparation. — When the skull is opened the fatty mass is 
collected and stored in large vessels, the liquid sperm oil 
being filtered off and the residue, consisting of a mixture of 
spermaceti and sperm oil, is pressed, and leaves behind a 
crystaUine fatty mass. This is next treated with a weak lye 
of caustic potash or soda, to saponify and remove any ad- 
herent oil, after which it is repeatedly washed with water 
and re-melted over boiling water. 

Crude spermaceti, which is seldom met with in com- 
merce, forms plates with a foliaceous structure and of about 
the thickness of the finger ; is transparent and has a fishy 
smell. The purified article comes to market in the shape of 
semi-transparent white, broad, foliaceous, crystalline lumps 
handling like talc. According to Benedikt spermaceti is 
obtained from sperm blubber by pressing. 

Properties, — Spermaceti is solid, tasteless, inodorous, and 
may be crumbled between the fingers. 

Specific Gravity.— At 15° C, 0-960 (Dieterich); 0*943 
(Schaedler). 

Melting-Point.—rS'5'' to UV C. (Eiidorflf) ; 45° C. (Bar- 
foed); or, according to Schaedler, between 50° and 54° C. 

Setting-Point. — 43*4° to 44*2° C. (Eiidorflf); immediately 
below the melting-point according to Schaedler. 

Saponification Value. — 108-1 (Becker). 

If the product be treated several times with hot alcohol, 
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the residual substance has a melting-point about 5° C. higher 
than before. It may be distilled at 360" C. without any 
noticeable decomposition. When applied in a melted condi- 
tion to paper, it leaves no grease spot behind. It is very 
slightly soluble in cold 98 per cent, alcohol, and quite in- 
soluble in 90 per cent, spirit, but, on the other hand, dis- 
solves easily in hot alcohol, and crystallises out again for the 
most part on cooling. Its solutions do not redden litmus 
paper. According to Schaedler, 1 part of spermaceti is soluble 
in 40 parts of boiling alcohol of specific gravity 0*831, the 
greater part separating out on cooling. It is, moreover, but 
slightly soluble in benzine and petroleum spirit, though 
readily soluble in ether, chloroform, or carbon bisulphide. 
Spermaceti is a mixture of various fats, but contains no gly- 
cerides ; on recrystallisation from alcohol the crystalline 
sperm fat — cetin — palmitic-cetyl ether, formerly called cetyl- 
oxide cetate or sethal sethalate, separates out. On evapo- 
rating the alcoholic solution, a residual oil, the cetinelain of 
Berzelius, is left, which saponifies with difficulty and yields 
thereon cetinelaic acid, an acid not identical with oleic acid. 
It forms a lead salt insoluble in ether, and the product does 
not give off any smell of acrolein when subjected to dry dis- 
tillation. According to Benedikt, spermaceti can be easily 
saponified with alcoholic caustic potash, cetyl alcohol being 
thrown down on diluting the solution with water. 

According to Schaedler, spermaceti can only be saponified 
with difficulty ; it contains other compounds which yield on 
decomposition stearic, myristic and palmitic acids, as well as 
the alcohols corresponding thereto, and named by Heinz 
stehaly methal and lethal The elementary composition of 
spermaceti is as under: — 

Carbon 80-03 per cent. 

Hydrogen 13-26 

Oxygen 6-72 
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Adulterations, — Spermaceti cannot be easily falsified, 
since its properties are very remarkably modified by every 
admixture that may be made, and adulterations are readily 
recognisable by the increased hardness of the substance, its 
lack of nacreous lustre, and the small foliaceous crystalline 
structure. According to Schaedler, wax is frequently added 
to spermaceti, but the quantity must not be so large as to 
raise the specific gravity and melting-point or cause the 
ethereal solution to appear milky. Tallow betrays itself by 
its odour when melted or by the smell of acrolein produced 
when a lighted wick steeped in the substance is blown out 
again; moreover, spermaceti containing tallow leaves a greasy 
mark on paper. If stearic acid be added, the spermaceti is 
hardened, the crystals are reduced in size and the mass 
froths up when heated with soda solution. The saponifica- 
tion value is utilised for the detection of paraffin. 

In order to test spermaceti for stearic acid, a sample is 
melted in a basin, ammonia added, and the whole stirred and 
left to cool, the spermaceti being removed when set, and 
the stearic acid thrown down from the aqueous solution by 
hydrochloric acid. On prolonged exposure to the air sper- 
maceti becomes yellow and rancid, but can be made fit for 
use again by re-melting and treating with dilute caustic 
potash or soda lye. Spermaceti is scarcely affected by boil- 
ing with dilute sodium carbonate solution, differing in this 
respect from stearine. 

The testing of spermaceti is performed (according to 

Kebler) as follows : The melting-point varies between 42° 

and 47° C, whilst that of cetin is between 48*9° and 55-5° C. 

The specific gravity at 15° C. is from 0*905 to 0*943, and is, 

throughout, not so near to the latter figure as formerly 

assumed. The saponification value ranges from 125*8 to 

134*6, whilst the acid number exhibits wide fluctuations 

(0*0 to 5*17) as the age of the sample increases. 

15 
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Uses of Spermaceti. — Medicinal : for salves, and formerly 
also as a palliative for alleviating pain and irritation. Cos- 
metic: in pomades, etc. Technical: for candle-making (it 
burns with a brilliant, smokeless flame), either alone or in 
conjunction with wax ; as an addition to dressings (for cloth), 
etc. 

Examination of Fats and Oils in Genbeal. 

The physical constants regarded as characteristic of the 
various fats are : the specific gravity and (for the solid fats 
especially) the melting-point. On the other hand the boiling- 
points are unreliable, since the fats are partly decomposed 
on heating. The specific gravity of liquid fats can be 
determined by means of the pyknometer, the Sprengel tube 
or the Westphal hydrostatic balance. The Sprengel tube 
consists of a U tube, both ends of which are drawn out as 
capillaries bent outwards at right angles from the limbs. 
The tube is completely filled with oil by dipping the one end 
in the liquid and exhausting the air through the other. The 
excess of oil overflowing is wiped away carefully with filter 
paper and, when the expansion of the oil has ceased, the 
tube is taken out of the flask and weighed after cooling. 
The specific gravity is calculated after the weights of the 
tube, when empty and filled with water, are known. 

The Westphal balance is shown in Fig. 62. The ther- 
mometer displaces a definite volume of oil so that the loss 
in weight gives the weight of this quantity of oil. 

The melting-point of solid fat can be determined by the 
methods generally practised. A capillary tube is filled with - 
the melted fat and, when the latter has cooled and solidified, 
is attached to a delicate thermometer which is then im- 
mersed in a beaker of water. The latter is gradually heated 
until the melting-point of the fat is reached arid the fat 
liquefies in the. capillary tube, the temperature at which this 
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occurs being read off on the tHermometer. To increase the 
accuracy of the estimation the beaker of water is placed in & 
second vessel and heat applied to the latter. 

A number of chemical reactions have been proposed for 
differentiating between the various fats and oils. Many of 
these reactions are unreliable and the results contradictory 
one of another, on account of their dependence on special 
conditions, so that no great value can be attached to them* 




Fig. 62. Westphal Balance. 

This appHes particularly to the majority of the coloxrr red- 
actions produced by the influence of sulphuric and nitric: 
acids on the various oils. The different increases of tem- 
perature, occasioned by the addition of concentrated sulphuric; 
acid to oils, are also insufficiently reliable. 

On the other hand sundry quantitative methods may be* 
successfully employed in the differ enti9.tion of the various 
fats, and serve to determine the quantitative ratio of the: 
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different classes of bodies in a fat, as well as for identifying 
the individual fats, their content of the individual substances 
often differing characteristically. 

To these quantitative methods belong: the acid num- 
ber ; saponification value ; ether number ; Eeichert-Meissl 
number ; Hehmer number ; acetyl, bromine and iodine 
numbers; the importance of which, after having already 
been repeatedly cited in the present work, is now ac- 
knowledged. 

1. The acid number indicates the number of milligrams 
of potassium hydroxide required for the neutralisation of the 
free fatty acids present in a fat. It is ascertained by titrating 
the alcoholic (or other) solution of fat by alcoholic or aqueous 
caustic potash. 

2. The saponification value, the determination of which 
was prescribed by Kottstorfer, and which is also styled the 
Kottstorfer number, is ascertained in the following manner : 
1*5 to 2 grams of the fat are treated for fifteen minutes on 
the water bath with 25 c.c. of ^-normal alcoholic caustic 
potash ; when saponification occurs 1 c.c. of alcoholic phe- 
nolphthalein solution is added, and the hquid is titrated 
with ^-normal hydrochloric acid. A blank experiment is 
then performed in the same manner by titrating another 
25 c.c. of the alcoholic potash. The difference between the 
number of milligrams of potassium hydroxide employed and 
that found by back-titration is calculated to 1 gram of fat, 
and the result gives the saponification value. The amount 
of fat saponifiable by 1 equivalent (56*1 parts) of KHO is 
called in England and America the saponification equivalent 
of the fat. 

3. The ether number relates to the number of milligrams 
of potassium hydroxide required to saponify the neutral fat 
in 1 gram of sample. 

4. The Beichert'Meissl number gives the quantity of vola- 
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tile fatty acids contained in a fat. It iudicates the number 
of c.c. of TTT-normal caustic potash requisite for neutralising 
the volatile fatty acids (soluble in water) obtained from 5 
(formerly 2*5) grams of fat. 

Five grams of fat are saponified by 2 grams of solid 
alkali and 60 c.c. of 70 per cent, alcohol in a 200 c.c. flask on 
the water bath, the alcohol being then evaporated, the mass 
dissolved in 100 c.c. of water and distilled after the addition 
of 40 c.c. of (1 : 10) sulphuric acid. One hundred and ten 
c.c. of the distillate are collected in a graduated flask, and 
100 c.c. of this, being filtered into a second graduated flask, 
are titrated with tW-normal alkali, with litmus or phenol- 
phthalein as indicator. 

5. The Hehner number gives the amount of insoluble fatty 
acids in 100 parts of fat. Three to 5 grams of fat are 
saponified with 50 c.c. of alcohol and 1 to 2 grams of caustic 
potash. The soap, after the expulsion of the alcohol, is dis- 
solved in 100 to 160 c.c. of water, quahfied with hydrochloric 
or sulphuric acid, and the fatty acids passed, after melting, 
through a filter dried at lOO"" C, the mass being washed with 
water until the filtrate ceases to give an acid reaction. 

6. The acetyl numhjer denotes the quantity of oxy-fatty 
acids or fatty alcohols in the fat. Twenty to 50 grams of 
the non-volatile fatty acids are acetylised by two hours' boil- 
ing with acetic anhydride, the product of the reaction being 
boiled repeatedly with 500 to 600 c.c. of water, the (now neu- 
tralised) acids filtered in the air oven, and the acetyl acid 
number and the acetyl number ascertained by titration with 
aqueous ^-normal alkali. 

Bromine and Iodine Absorption. — The methods for deter- 
mining these values give the percentage quantities of bro- 
mine and iodine absorbed by oils under conditions favouring 
the exclusive formation of addition products. The fatty 
acids of the acetic or stearic series are saturated bodies 
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giving no addition products with bromine or iodine, whereas 
the acids of the acetyl or oleic series combine with 2 atoms 
of a halogen, and those of the propiolic or linolic series with 
4 atoms. 

The glycerides of the acids of these series behave like the 
free acids, so that the estimation of the percentage of iodine 
absorption forms a measure of the ratio of olein to palmitin 
and stearine in a fat, and also for the content of linolein in a 
drying oil in comparison with the oil-content of a non-drying 
oil. 

The determination of the bromine absorption gives no reli- 
able values, whereas the iodine number by the Hiibl method 
yields more constant results. Hiibl employs an alcoholic 
mixture of iodine and mercuric chloride ; 25 grams of iodine 
being dissolved in ^ litre of 95 per cent, alcohol (free 
from fusel oil) and 30 grams of mercuric chloride (also in ^ 
litre), the solution being rea.dy for use after twelve hours' 
standing. Its content must be ascertained immediately prior 
to use, every time. For estimating the iodine number, 0*2 
to 0*4 gram of a liquid (or 0*8 to 1 gram of a solid) fat is 
weighed out and dissolved in 10 c.c. of chloroform. Then 
20 C.C. of the iodine are added, 5 to 10 c.c. at a time, until the 
solution, at the end of two hours, has assumed a dark-brown 
-colour, whereupon 10 to 15 c.c. of a 10 per cent, aqueous 
solution of potassium iodide and 160 c.c. of water are run in. 
The free iodine is then titrated with a (24 grams per litre) 
solution of sodium thiosulphate (hyposulphite), and the 
absorbed iodine calculated to percentage units of the fat, 
the resulting value being termed the iodine or Hiibl number. 

This number seems to be approximately constant for 
each oil, or class of oils, and is highest in the case of the 
vegetable drying oils. The Hiibl method has proved ex- 
tremely useful for the detection of cotton-seed oil in tallow 
and lard. Pure cotton-seed oil has the iodine number 109*1 ; 
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pure tallow, 40*8 ; tallow with 5 per cent, of cotton-seed oil, 
44; with 10 per cent., 471; with 15 per cent., 497; with 
20 per cent., 62'9 ; with 25 per cent., 56"1 ; with 30 per cent., 
59*2 ; and with 40 per cent., 66'2. In the case of lard detec- 
tion is rendered more diflScult by the presence of beef stearine. 
Pure lard has an iodine number of 57 to 63 ; beef stearine, 23 
to 28. 

In the examination of fats it is not merely a question of 
identifying a certain fat and establishing its purity, but 
regard must also be had to the presence of soaps, free fatty 
acids and extraneous non-fatty matters, such as resins and 
hydrocarbons. Soaps may be removed by shaking up the 
carbon bisulphide solution of the fat with water. The 
presence of free fatty acids in fat cannot always be con- 
sidered an adulteration, since they are generally present in 
many vegetable oils. Occasionally, however, the occurrence 
of free fatty acids indicates decomposition (rancidity) of the 
fat. In the absence of free fatty acids, resin can be detected 
by shaking up the oil with moderately strong alcohol and 
evaporating the latter. The separation of resin acids from 
free fatty acids is most suitably effected by the method 
prescribed by T. S. Gladding, which is based on the ready 
solubility of silver resinate in ether, whereas silver nitrate, 
etc., are almost completely insoluble therein. Hydrocarbons 
can, in general, be detected by saponifying the sample with 
alcohol potash (5 grams of oil, 2 grams of potassium hy- 
droxide, 25 c.c. of 90 per cent, alcohol), the resulting soap 
being mixed with pure sand, the alcohol driven off by evap- 
oration on the water bath at a temperature not exceeding 
50° C, and the residue extracted with ether or petroleum 
spirit, the hydrocarbons present being left behind on the evap- 
oration of the solution. 
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Acetic acid, 17, 90, 161, 193. 
Acetyl number, 229. 
Acid number, 228. 
Acids ; — 

Acetic, 17, 90, 161, 193. 

Arachic, 11, 17, 90. 

Asellic, 210. 

Auto-arachic, 17. 

— myristic, 17. 

— palmitic, 17. 
Behenic, 11. 
Bilisalic, 193. 

Butyric, 10, 12, 13, 86, 90, 

193. 
Capric, 11, 12, 14, 90. 
Caproic, 10, 12, 14, 90. 
Caprylic, 11, 12, 14, 90. 
Carnaubic, 11. 
Cerotic, 11. 
Cetinelaic, 224. 
Cholic, 193. 
Daturic, 11. 
Dibromostearic, 17. 
Doeglic, 11, 12, 17. 
Elseomargaric, 11. 
Elaidic, 17. 
Erucic, 17. 
Fellic, 193. 
Gallic, 193. 
Heptadecylic, 210. 
Hyenic, 11, 12. 



174, 



Hypogeic, 11, 16, 17. 

Isobutylacetic, 12. 

Isobutylic, 14. 

Isocetic, 11. 

Isolinolenic, 11, 210. 

Isovaleric, 10, 12. 

Jecoric, 210. 

Lactic, 85, 101, 151. 

Laurie, 11, 90. 

Lignoceric, 11. 

Linolenic, 11, 210. 

Linolic, 11. 

Margaric, 11. 

Medullic, 11, 12. 

Melissic, 11. 

Metaphosphoric, 218. 

Myristic, 11, 17, 90, 193. 

Oleic, 11, 16, 18, 90, 161, 166, 210, 
216. 

Orthophosphoric, 220. 

Oxy jecoric, 209. 

Palmitic, 11, 14, 17, 90, 224. 

Pelargic, 11. 

Physetoleic, 11, 12, 16, 193. 

Pyrophosphoric, 218, 220. 

Rapic, 11. 

Ricinoleic, 11. 

Stearic, 11, 15, 90, 193. 

Tiglic, IL 

Valeric, 174. 
Acrolein, 9, 166. 
Adeps Lanse, 221. 
Addition products, 18. 
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Adulteration of butter, 92. 

— — lard, 141. 

— — liver oils, 198. 

— — spermaceti, 226. 

— — tallow, 163. 
iEthal sethalate, 224. 
Alcohols : — 

Ceryl, 12. 

Cetyl, 12. 

Cholesterin, 12, 168. 

Glycerine, 11. 

Isocholesterin, 12. 

Myricyl, 12. 

Octodecyl, 12. 

Phytosterin, 12. 
Alligator oil, 75. 
"Alpha" separator, 80. 
Ambergris, 183. 
American crude lard, 144. 

— lard, 144. 
Ammonia salts, 111. 
Ammonium cyanide, 156. 

— sulphide, 166. 

Amylamine, 193. 
Analysis of butter, 99-102. 
Animal fats and oils, 75-231. 
Arachic acid, 11, 17, 90. 
Archangel seal oil, 178, 187. 
Arctic sperm oil, 183. 
Artificial butter, 105, 125. 

— train oil, 202. 
Aflellic acid, 210. 
Aselline, 193. 

Astrachan herring oil, 190. 
Auto-arachic acid, 17. 

— myristic — 17. 

— palmitic — 17. 
Azodyes, 92. 



Badger fat, 2. 
Bear's grease, 2. 
Becchi reaction, 146. 



Beef lard, 93. 
Beef tallow, 160. 
Behenic acid, 11. 
Bergedorfer cremometer, 87. 
Bergen liver oil, 191. 
Bilisalic acid, 193. 
Bilisulom, 193. 
Biliverdin, 193. 
Bleaching tallow, 171. 

— with chromates, 176. 

— — hypochlorites, 176. 

— — manganese dioxide, 

176. 
Blue oil, 203. 
Boneblack, HI. 
Bone crusher, 112, 113. 

— fat, 111, 122, 163, 181. 

— fat extraction apparatus, 62- 

66. 

— marrow, 111. 

— meal, 111. 

— oil, 124. 

Brochardt's butter machine, 84. 
Bromine absorption, 229. 
Brown fish oil, 182. 
Batchers' lard, 144. 
Butter, 9, 76. 

— drier, 128. 

— machines, 82-85. 

— milk, 86. 

— mill, 129. 

— oil, 92. 

Butyric acid, 10, 12, 13, 86, 90, 174, 

193. 
Butyrin, 12, 90. 
Butyro-refractometer, 97. 

0. 

Cachelot oil, 183. 
Candle-fish oil, 106. 
Capric acid, 11, 12, 14, 90. 
Caprin, 12, 90. 
Caproic acid, 10, 12, 14, 90. 
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Caprdin, 12, 91. 
€aprylic acid, 11, 12, 14, 90. 
<Japrylin, 12. 

Oarbon tetrachloride, 52-57. 
<!JarnaiilDic acid, 11. 
-Cask tallow, 155. 
Caspian seal oil, 179, 188. 
^Centrifuge butter, 129. 
Oerotie acid, 11. 
Oeryl alcohol, 12. 
Oetinelaic acid, 224. 
Oetyl alcohol, 12. 
•Cetyl oxide, 224, 
Oholesterin, 12, 168. 
♦Cholic acid, 193. 
tChurns, 82-84, 127. 
»Clear brown liver oil, 193. 

— pale liver oil, 191, 192. 
Ooal-iish oil, 179, 194. 
<:5ocoa-nut oil, 163, 167. 
<3od-liver oil, 179, 192-196. 
Colour reactions of fish oils, 18C. 
♦Compound lard, 5. 
<3ore suet, 22. 
*Cotton-seed oil, 5, 163. 

— stearine, 167, 169. 

•Cream, 77. 
<Urocodile oil, 75. 
♦Curcuma, 92. 

D. 

,D*Arcet process of tallow melting, 

157. 
Daturic acid, 11. 
Davis' churn, 82. 
D^gras, 204-218. 

— black, 218. 

— commercial, 213. 

— fish oil, 211, 213-215. 

— olein, 216. 

— former, 209. 
De Laval separator, 78. 
Dibromostearic acid, 17. 



Distilled olein, 162. 

— wool fat, 168, 221. 
Doeglic acid, 11, 12, 17. 
Dog fat, 1. 

Dolphin, 8. 

— oil, 182. 
Drying oils, 197. 
Dwarf whale oil, 183. 

E. 

Edge runners for fat, 22. 
Edible fat, 44, 131, 132. 

— oil, 149. 
Elaeomargaric acid, 11. 
Elaidic acid, 17. 
Emulsifiability, 96. 
Erucic acid, 17. 
Ether number, 228. 
Extracted train oil, 203. 
Extraction apparatus, 51-64. 



Fats and oils. Animal :— 
Alligator, 75. 
Archangel seal, 178, 187. 
Arctic sperm, 183. 
Artificial train, 202. 
Astrachan herring, 190. 
Badger, 2. 
Bear, 2. 
Beef (lard), 93. 
— (tallow), 150. 
Bergen liver, 191. 
Bone, 111, 122, 124, 163, 181. 
Brown fish, 182. 
Butter, 9, 76-105. 
Caspian seal, 179, 183. 
Coal fish, 179, 194. 
Cod liver, 179. 
Crocodile, 75. 
D^gras, 204-218. 
Dippel, 176. 
Finback whale, 184. 
Fish, 163, 167, 177-202. 



Digitized by 



Google 



236 



INDEX. 



Florentine (tallow), 163. 

Goose, 9, 108. 

Greenland " three crown," 187. 

— seal, 179, 187. 

— whale, 184. 
Gulachon, 105. 
Hare, 108. 
Herring, 179, 190. 
Hog, 5, 137-148. 
Horse, 135. 
Horsefoot, 110. 
Human, 132. 
Italian fish, 179, 190. 
Japanese fish, 197, 199. 

— liver, 179,-197. 
Keporkak, 184. 
Kidney, 22, 137, 150, 163. 
Labrador liver, 191. 
Lard, 5, 141, 149. 
Lion train, 203-205. 
Liver, 4, 178, 179, 190-202. 
Menhaden, 179, 190. 
Merlangus, 179. 

Mutton, 9, 97, 106, 133, 161, 166. 
Narwhal, 183. 
Neatsfoot, 108. 
Newfoundland liver, 191. 
— seal, 188. 

Parisian (tallow), 163. 
Pilchard, 179, 181. 
Pollack, 179. 
Porpoise, 182. 
Ray, 179. 

— liver, 179, 194. 
Rorqual, 184. 
Russian, 163, 179, 190. 
Salmon, 190. 
Sardella, 179, 190. 
Sardine, 179, 190. 
Sea calf, 187. 
Sea dog, 187. 
Seal, 179, 180, 185-189. 
Seychelle, 137. 
Shark, 187. 



Shark liver, 179, 194. 

Sheepsfoot, 109, 110. 

South American (tallow), 170. 

Spanish fish, 179, 190. 

Sperm, 183. 

Sprat, 179, 189. 

Swedish fish, 190. 

— " three crown," 179, 188. 

Tallow, 5, 9, 150, 176. 

Tanner's grease, 204. 

Turtle, 136. 

Viennese (tallow), 163. 

Walrus, 179, 187. 

Whale, 179, 180, 181-185. 

White fish, 182, 

Wool, 167, 218-223. 
Fats and oils. Mineral : — 

Blue oil, 203. 
Fats and oils. Vegetable : — 

Cocoa-nut, 163, 167. 

Cotton-seed, 5, 163, 167, 169. 

Palm-kernel, 167. 

Resin, 202. 
Fat, formation of, 6. 
Fat-grinding machinery, 23, 26. 
Fat-melting apparatus, 26-64. 

— — by steam, 160, 172. 

— — in open pans, 152. 

— — with caustic soda, 159.. 

— — with sulphuric acid,. 

157, 173. 
Fellic acid, 193. 

Fesca's centrifugal machine, 80, 81- 
Filtering apparatus, 74. 
Finback whale oil, 184. 
Fish oils, 177-202. 
Fish tallow, 163, 167, 178, 185. 
Florentine tallow, 163. 
" Foots," 187. 
Friedberg's bone steamer, 120. 



Gall constituents, 193. 
Gallic acid, 193. 
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Glue, 111-116. 
Glycerine, 3, 11. 
Goose fat, 9, 108. 
Greaves, 139, 152-156. 

— presses for, 66, 153-165. 
Greave tallow, 166. 
Greenland " three crown " oil, 187. 

— seal oil, 179, 187. 

— whale oil, 184. 
Gulaehon oil, 105. 



Hardening tallow, 171, 173. 
Hare fat, 108. 
Hehner number, 229. 
Heptadecylic acid, 210. 
Herring oil, 179, 190. 
Hexylamine, 193. 
Hog fat (see Lard). 
Holdhaus' fat-extracting appara- 
tus, 58. 
Holstein churn, 82. 
Horse fat, 135. 
Horsefoot oil, 110. 
Huile de graisse, 141. 
Human fat, 132. 
Hydraulic presses (see Presses). 
Hyenic acid, 11, 12. 
Hypogeic acid, 11, 16, 17. 



Intestinal fat, 9, 137, 150. 
Iodine absorption, 229. 
Isobutylacetic acid, 12. 
Isobutylic acid, 14. 
Isoceryl alcohol, 12. 
Isocholesterin, 12. 
Isocetic acid, 11. 
Isolinolenic acid, 11, 210. 
Isovaleric acid, 10, 12. 
Italian fish oil, 179, 190. 



J. 

Japanese fish oil, 197, 199. 

— liver oil, 179, 197. 

— wax, 170. 
Jecoric acid, 210. 



" Kaiser butter," 130. 

Eeporkak oil, 184. 

Kidney fat, 22, 137, 150, 163. 



Labrador liver oil, 191. 
Lactic acid, 85, 101, 151. 
Lanesin, 222. 
Lanolin, 221, 222. 
Lard, 5, 137-148. 

— oil, 5, 141, 149. 
Laurie acid, 11, 90. 
Leather grease, 204. 
Lecithin, 90. 
Lefeldt's churn, 82. 
Levulose, 131. 
Light train oil, 186. 
Lignoceric acid, 11. 
Linolenic acid, 11, 210. 
Linolic acid, 11. 
Lion train oil, 203-205. 
Liver oils, 4, 178, 179, 190-202. 
Lutidin, 166. 



Margaric acid, 11. 
Margarine, 90, 99, 125, 129, 163. 
— manufacture in France, 
125. 
Marine mammals, 8. 
Marrow fat, 136. 
Medicinal liver oil, 191. 
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Mediterranean fish oil, 190. 
MeduUic acid, 11, 12. 
Meikle's extraction plant, 69, 60. 
Melissic acid, 11. 
Melissyl alcohol, 12. 
Menhaden oil, 179, 190. 
Merlangua oil, 179. 
Metaphosphoric acid, 218. 
Milk separators, 78-81. 

— sugar, 101. 
Moellon, 209. 
Morrhine, 193. 
Mutton fat, 97, 161. 

— stearine, 133. 

— tallow, 9, 106, 163. 
V Myricyl alcohol, 12. 

Myristic acid, 11, 17, 90, 193. 

N. 

Narwhal oil 183. 
Neatsfoot oil, 108. 
Neck fat, 150. 
Neutral lard, 144. 
Newfoundland liver oil, 191. 
— seal oil, 188. 



Octodecyl alcohol, 12. 

Odour of animal oils, 9. 

Oleic acid, 11, 16, 18, 90, 161, 166, 

210, 216. 
Olein, 12, 90, 161, 216. 

— degras, 216. 
Oleomargarine, 125, 162, 163. 
Oleum animale Dippeli, 176. 
Olive oil, 163. 

Organoleptic reaction (butter), 95. 
Origin of animal fats, 6. 
Orthophosphoric acid, 220. 
Over-fattening cattle, 8. 
Oxyjecoric acid, 209. 



Palmitic acid, 11, 14, 17, 90, 224. 

— cetyl ether, 224. 
Palmitin, 12, 90, 91. 
Palm-kernel oil, 167. 
Pan for bone boiling, 114. 
Pans for fat melting, 26-51. 
Panniculus adiposus, 6. 
Parisian tallow, 163. 
Patent fat, 223. 
Pelargic acid, 11. 
Physetoleic acid, 11, 12, 16, 193. 
Phytosterin, 12. 

Picolin, 156. 
Pilchard oil, 179, 189. 
Pollack oil, 179. 
Porpoise oil, 182. 
Pot fat, 163. 
Premier jus, 44, 125. 
Premiere torse, 209. 
Preparation of animal fats, 20-50, 

— — hog fat, 138. 

— — tallow, 151. 
Presses, 66-75. 

Press tallow, 23, 126, 145, 162, 174, 
Pressed whale oils, 185. 
Pressing blubber, 21. 
Propylamine, 193. 
Pyknometer, 226. 
Pyridin, 156. 
Pyrophosphoric acid, 218, 220. 

B. 

Rancidity, 18-20. 
Rapic acid, 11. 
Ray-liver oil, 179, 194. 
Ray oil, 179. 
Refining bone fat, 122-124. 

— tallow, 171-176. 
Reichert-Meissl number, 228. 
Re-melted butter, 93. 
Rendering fat, 151. 
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Rennes' butter machine, 83. 
Resin oil, 202. 
Rieinoleic acid, 11. 
Rivoir's fat mill, 23. 
Rorqual oil, 184. 
Russian fish oil, 179, 190. 
— tallow, 163. 

S. 

Saffron, 92. 
Salmon oil, 190. 
Saponification equivalent, 228. 

— value, 228. 

Saponified olein, 162. 
Sardella oil, 179, 190. 
Sardine oil, 179, 190. 
Schweitzer's extraction plant, 62. 
Scrotum fat, 150. 
Sea-calf oil, 187. 
Sea-dog oil, 187. 
Seal oil, 179, 180, 185-189. 
Second run tallow, 156. 
Seychelle oil, 137. 
Shark-liver oil, 179, 194. 
Shark oil, 187. 
Sheepsfoot oil, 109, 110. 
Simple presses, 72. 
Skim milk, 78. 
Solar stearine, 149. 
Solid fats, detection in mixtures, 

144. 
Solid oxyacids in d^gras, 210. 
South American tallow, 170. 
Spanish fish oil, 179, 190. 
Spermaceti, 5, 183. 
Sperm oil, 183. 
Spindle presses, 66. 
Sprat oil, 179, 189. 
Sprengel tube, 226. 
Stamping trough, 151. 
Steam lard, 144. 
Steaming bones, 116. 
Stearic acid, 11, 15, 90, 193. 



Stearine, 12, 90, 163. 

— grease, 163. 
Storage places of fat, 8. 
Substitution products, 18. 
Suif d'^pluchures, 163. 

Suint, 218. "^ > 

Sulphuretted hydrogen, 156. 
Swedish fish oil, 190. 

— ** three crown " oil, 179, 

188. 



Tallow, 5, 9, 150-176. 

— melting plant, 26-50, 157- 

160. 

— *' titer," 162, 163. 

— oil, 161, 174. 
Tanner's grease, 204. 
Testing butter, 95. 

— degras, 207-211, 

— fats and oils, 226-231. 

— fish oils, 198-202. 

— hog fat, 141-149. 

— spermaceti, 225. 

— tallow, 164-171. 
Tiglic acid, 11. 

" Titer " of tallow, 162. 
Total oxyacids in degras, 210. 
Trimethylamine, 193. 
Triolein, 12. 
Tripalmitin, 12. 
Tristearine, 12. 
Turtle oil, 136. 
Twitcheirs fatty acid test, 133. 

U. 

Unpressed whale oil, 185. 



Valeric acid, 174. 
Valuation of tallow, 166. 
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Viennese tallow, 163. 
Virgin tallow, 156. 
Volatile fatty acids, 13. 
Vulcan oil, 202. 

W. 

Walrus oil, 179, 187. 
Waste grease, 204. 
— train oil, 189. 



Westphal balance, 226. 
Whale oil, 179, 180, 181-185. 
White fish oil, 182. 
Wool fat, 167, 218-223. 
— — purified, 221. 



Zeiss' butyro-refractometer, 97- 
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THE PRACTICAL COMPOUNDING OF OILS, TAL- 
LOW AND GREASE FOR LUBRICATION, ETC. 

By An Expert Oil Refiner. 100 pp. 1898. Demy 8vo. Price 78. 6d. ; 
India and Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net. 

Contents. 

Chapters I., Introductory Remarks on the General Nontenclature of Oils, Tallow and 
Greases suitable for Lubrication.— II., Hyrocarbon Oils.— III., Animal and Fish Oils.— 
IV., Compound Oils.- V., Vegetable Oils.— VI.. Lamp Oils.— VII., Ensrlne Tallow, 
Solidified Oils and Petroleum Jelly.— VIII., Machinery Greases : Loco and Anti- 
friction. —IX., ClarifyiniT and Utilisation of Waste Pats. OiU, Tank Bottoms, 
Drainlnifs of Barrels and Drums, Pickingrs Up, Drei^s, etc.— X., The Fixinsr and 
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Mineral and its Acid. — II., On Fluor Mineral. — III., Chentical Investigation of Fluor Acidi» ^ 
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— VI., On Arsenic and its Acid. — VII., Remarks upon Salts of Benzoin — Vlll., On Silex, 
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Observations on Ether. — Index. 
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Examination, Adulteration, Physical Tests, Valuation of Raw Materials.r-VI., Commercla 
Aspects. 
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" The book will undoubtedly take a high place in the literature of petroleum."— L»v*r/>oo/ 
Post. 
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'* This treatise Mill be welcomed by those interested in this industry who have not secured 
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lis described together with the methods of testing their intrinsic and chemical value."—* 
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" Such a book of reference for paint, colour and varnish manufacturers has long been 
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BONE PRODUCTS AND MANURES : An Account of the 
most recent Improvements in the Manufacture of Pat, Glue, Animal 
Charcoal, Size, Gelatine and Manures. By Thomas Lambert, Techni- 
cal and Consulting Chemist. Illustrated by Twenty-one Plans and 
Diagrams. 162 pp., demy 8vo. 1901. Price 7s. 6d. ; India and 
Colonies, 8s. ; Other Countries, Ss. 6d. ; strictly net. 
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Chapters I., Chemical Composition cf Bones — Arrangement of Factory— Crushing of Bones 
— Treatment with Benzene — Benzene in Crude Fat — Analyses of Clarified Fats — Mechanical 
Cleansing of Bones — Animal Charcoal — Tar and Ammoniacal Liquor, Char and Gases, from 
good quality Bones— Method of Retorting the Bones — Analyses of Chars — *' Spent " Chars- 
Cooling of Tar and Ammoniacal Vapours — Value of Nitrogen for Cyanide of Potash — Bone 
Oil — Marrow Bones — Composition of Marrow Fat — Premier Juice — Buttons. — II., Properties 
of Glue — Glutin and Chondrin — Skin Glue — Liming of Skins — Washing — Boiling of Skins — 
Clarification of Glue Liquors — Acid Steeping of Bones — Water System of Boihng Bones — 
Steam Method of Treating Bones— Nitrogen in the Treated Bones — Glue-Boiling and Clarify- 
ing-House — Plan showing Arrangement of Clarifying Vats — Plan showing Position of Evapora- 
tors — Description of Evaporators— Sulphurous Acid Generator — Clarincation of Liquors — 
Section of Drying-House — Specification of a Glue — Size — Uses and Preparation and Composi- 
tion of Size — Concentrated Size. — IlL, Properties of Gelatine — Preparation of Skin Gelatine 
— Washing — Bleaching — Boiling — Clarification — Evaporation — Drying — Bone Gelatine — Se- 
lecting Bones — Crushing — Dissolving — Bleaching — Boiling — Properties of Glutin and Chondrin 
— ^Testing of Glues and Gelatines.— IV., The Uses of Glue, Gelatine and Size in Various 
Trades — Soluble and Liquid Glues — Steam and Waterproof Glues. — V., Manures — Importation 
of FoodStuffs-Soils— Germination— Plant Life.— VI., Natural Manures— Water and Nitrogen 
«n Farmyard Manure — Full Analysis of Farmyard Manure — Action on Crops — Water-Closct 
System — Sewage Manure — Green Manures. — VII., Artificial Manures — Bones — Boiled and 
Steamed Bones— Mineral Phosphates — English Coprolites— French and Spanish Phosphorites 
— German and Belgian Phosphates — Basic Slag— Guanos Proper — Guano Phosphates. — VIII., 
Mineral Manures — Common Salt — Potash Salts— Calcareous Manures — Prepared Nitrogenous 
Manures — Ammoniacal Compounds— Sodium Nitrate — Potassium Nitrate— Organic Nitro- 
genous Matters — Shoddy — Hoofs and Horns — Leather Waste — Dried Meat — Dried Blood — 
Superphosphates — Composition — Manufactu e — Section of Manure-Shed — First and Ground 
Floor Plans of Manure-Shed— Quality of Acid Used — Mixings — Special Manures — Potato 
Manure — Dissolved Bones — Dissolved Bone Compound — Enriched Peruvian Guano — Special 
Manure for Garden Stuffs, etc. — Special Manure for Grass Lands — Special Tobacco Manures 
— SugarCane Manure — Compounding of Manures — Valuation of Manures. — IX., Analyses of 
Raw and Finished Products--Common Raw Bones — Degreased Bones — Crude Fat — Refined 
Fat — Degelatinised Bones — Animal Charcoal — Bone Superphosphates — Guanos — Dried Animal 
Products — Potash Compounds — Sulphate of Ammonia— Extraction in Vacuo — Description of a 
Vacuum Pan — French and British Gelatines compared. — Index. 

Press Opinion. 

" We can with confidence recommend the perusal of the book to all persons interested in 
the manufacture of artificial manures, and also to the large number of farmers and others who 
are desirous of working their holdings on the most up-to-date methods, and obtaining the. best 
possible results, which scientific research has placed within their reach." — Wigan Observer. 

ANALYSIS OF RESINS AND BALSAMS. Translated 
from the German of Dr. Karl DiETERiCH. Demy 8vo. 340 pp. 1901. 
Price 7s. 6d. ; India and Colonies, Ss. ; Other Countries, 8s. 6d. ; 
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Resins — External and Superficial Characteristics of Resinous Bodies— Distinction between 
Resinous Bodies and Fats and Oils — Origin, Occurrence and Collection of Resinous Sub- 
stances — Classification — Chemical Constituents of Resinous Substances — Resinols — Resinot 
Annols — Behaviour of Resin Constituents towards the Cholesterine Reactions — Uses and 
Identification of Resins — Melting-point— Solvents — Acid Value — Saponification Value — Resin 
Value — Ester and Ether Values— Acetyl and Corbonyl Value — Methyl Value — Resin Acid — 
Systematic R^sum^ of the Performance of the Acid and Saponification Value Tests. 

Part II., Balsams — Intn^uction — Definitions — Canada Balsam — Copaiba Balsam — Angos- 
tura Copaiba Balsam — Bal ia Copaiba Balsam — Carthaf^ena Copaiba Balsam — Maracaibo 
Copaiba Balsam — Maturin Copaiba Balsam — Gurjum Copaiba Balsam — Para Copaiba Balsam 
— Surinam Copaiba Balsam — West African Copaiba Balsam — Mecca Balsam — Peruvian 
Balsam — Tolu Balsam — Acaroid Resin — Amine — Amber— African and West Indian Kino — 
Bengal Kino — Labiianum — Mastic — Pine Resin — Sandarach — Scammonium — Shellac — Storax 
— Adulteration of Styrax Liquidus Crudus — Purified Storax — Styrax Crudus Colatus — Taca- 
mahac — Thapsia Resin — Turpentine — Chios Turpentine — Strassburg Turpentine — Turpeth 
Turpentine. Qum Resins — Ammoniacum — Bdellium — Euphorbium — Galbanum — Gamboge 
— Lactucariam — Myrrh — Opopanax — Sagapenum — Olibanum or Incense — Acaroid Resin- 
Amber — Thapsia Resin. — Index. 
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MANUFACTURE OP PAINT. A Practical Handbook for 
Paint Manufacturers, Merchants and Painters. By J. Cruickshank 
Smith, B.Sc. Demy 8vo. 1901. 200 pp. Sixty Illustrations and One 
Large Diagram. Price 7s. 6d. ; India and Colonies, Ss. ; Other 
Countries, 8s. 6d. ; strictly net. 

Contents. 

Part I., Chapters I., Preparation of Raw Material.— II., Storing of Raw Material.— III., 
Testing and Valuation of Raw Material— Paiat Plant and Machinenr. 

Part II., Chapters V., The Grinding of White Lead.— VI., Grinding of White Zinc— VII., 
Grinding of other White Pigments.- VIII., Grinding of Oxide Paints.— IX., Grinding of Stain- 
ing Colours.— X., Grinding of Black Paints.— XL, Grinding of Chemical Colours- Yellows. — 
XIL, Grinding of Chemical Colours— Blues.— XII L, Grindmg Greens.— XIV., Grinding Reds. 
—XV., Grinding Lakes.— XVI., Grinding Colours in Water.— XVII.. Grinding Colours in 
Turpentine. 

Part III., Chapters XVIII., The Uses of Paint.— XIX., Testing and Matching Paints.— 
XX.. Economic Considerations. — Index. 

Press Opinions. 

** Will fill a place hitherto unoccupied ; . . . bears all the marks of thoroughness both on the 
scientific and technical side. That it will take its place as the standard book of its subject may 
safely be jsredicted." — Aberdeen Free Press, 

"This is a workmanlike manual of the methods and processes of an industry known to the 
world at large only by its remote results. . . . This clearly written and well-informed hand- 
book gives a plain exposition of these matters, and cannot but prove useful to manufacturers 
and merchants, and to painters curious about the materials in which they -work."— The Scotsmatu 

" Mr. Smith's book is practical throughout, and it will be found helpful to those engaged in 
the industry and those who make use of paints." — The Architect. 

" It is an important text-book for students attending technical classes in these subjects, con- 
cisely setting forth in a most practical manner many intricate details in the preparation and 
production of paint during the operation of grinding. . . . The work should occupy a position 
on the bookshelf of every individual interested in paint." — The Decorators' and Painters* 
Magazine^ 

THE CHEMISTllY OP PIGMENTS. By Ernest J. Parry, 
B.Sc. (Lond.), F.I.C., F.C.S., and J. H. Coste, F.I.C, F.C.S. Demy 
8vo. Five Illustrations. 285 pp. 1902. Price 10s. 6d. ; India and 
Colonies, lis. ; Other Countries, 12s. ; strictly net. 
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wick Green — Non-arsenical Greens — Copper Blues — Ultramarine — Carbon Pigments — Ivory- 
Black — Lamp Black — Bistre — Naples Yellow — Arsenic Sulphides : Orpiment, Realgar — 
Cadmium Yellow — Vandyck Brown. — Chapter IV., Org^anlc PiSTinents. Prussian Blue — 
Natural Lakes — Cochineal — Carmine — Crimson — Lac Dye — Scarlet— Madder— Alizarin — Cam- 
peachy — Quercitron — Rhamnus — Brazil Wood — Alkanet — Santal Wood — Archil — Coal-tar 
Lakes — Red Lakes — Alizarin Compounds — Orange and Yellow Lakes — Green and Blue Lakes 
— Indigo — Dragon's Blood — Gamboge — Sepia — Indian Yellow, Puree — Bitumen, Asphaltum, 
Mummy.— Index. 

LEAD AND ITS COMPOUNDS. By Thos. Lambert, 
Technical and Consulting Chemist. Demy 8vo. 200 pp. Forty Illus- 
trations. 1902. Price 7s. 6d. ; India and Colonies, 8s. ; Other Countries, 
8s. 6d. net. Plans and Diagrams. 

Contents. 

Chapters I., History— Ores of Lead.— II., Geographical Distribution of the Lead Industry. 
— III., Chemical and Physical Properties of Lead — Alloys of Lead — Compounds of Lead. — 
IV., Dressing of Lead Ores. — V., Smelting of Lead Ores— Smelting in the Scotch or American 
Ore-hearth — Smelting in the Shaft or Blast Furnace. — VI., Condensation of Lead Fume. — 
VII., Desilverisation, or the Separation of Silver from Argentiferous Lead — Cupellation. 
— ^VIII., The Manufacture of Lead Pipes and Sheets. — IX., Protoxide of Lead — Litharge and 
Massicot— Red Lead or Minium— X., Lead Poisoning.— XL, Lead Substitutes.— XIL, Zinc 
and its Compounds.— XIII., Pumice Stone.— XIV., Drying Oils and Siccatives.— XV., Oil of 
Turpentine Resin.— XVI., Classification of Mineral Pigments.— XVII., Analysis of Raw and 
Finished Products.— Tables.— Index 
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NOTES ON LEAD ORES : Their Distribution and Properties. 
By Jab. Fairib, F.G.S. Crown 8vo. 1901. 64 pages. Price 2s. 6d. ; 
Abroad, 3s. ; strictly net. 

Contents. 

Chapters I., Definitions — Properties — Occurrence. — II., Galena — Johnstonite — Cerusstte — 
Ceruse (White Lead) — Minium — Red Lead. — III., Pyromorphite — Mimetene — Hediphane— 
Crocoise— Wulfenite.— Vanadinite— IV., BIcigiatte— Anglesite— Caledonite— Linarite — Lanaric- 
ite — Leadhillite — Susannite— Clausthalite — Cotunnite.— V., Mendipite — Matlockite — Crom- 
fordite— Nagyagite— Altaite— Melanochroite — Vauguelinite — Scheeletine.— VI., Plattncrite — 
Tilkcrodite— Raphanosmite — Deckenite — Descloezite — Dufrenaysite — Bleinierite — Moffrsisite 
— Geocronite — Kilbrechenite — Schulzite — Boulanj^crite — Heteromorphite — Meneghtnite — 
Jamesonite — Plagionite — Zinkenite. — VII., Kobelhte — Boumonite — Selenkupferbiei — Nu»- 
sierite — Percylite — Wolchite — Polysphracrite— Miesitc. — Index. 

THE RISKS AND DANGERS OP VARIOUS OCCUPA- 
TIONS AND THEIR PREVENTION. By Leonard 
A. Parry, M.D., B.S. (Lond.). 196 pp. Demy 8vo. 1900. Price 78. 6d. ; 
India and Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net. 
Contents. 

Chapters I., Occupations which are Accompanied by the Generation and Scattering of 
Abnormal Quantities of Dust. — II., Trades in which there is Danger of Metallic Poisoning. — 
III., Certain Chemical Trades. — IV., Some Miscellaneous Occupations. — ^V., Trades in which 
Various Poisonous Vapours are Inhaled. — VI., General Hygienic Considerations. — Index. 

PRACTICAL X RAY WORK. By Frank T. Addyman, 
B.Sc. (Lond.), F.I.C., Member of the Roentgen Society of London ; 
Radiographer to St. George's Hospital ; Demonstrator of Physics and 
Chemistry, and Teacher of Radiography in St. George's Hospital 
Medical School. Demy 8vo. Twelve Plates from Photographs of X Ray 
Work. Fifty-two Illustrations. 200 pp. 1901. Price 10s. 6d. ; India 
and Colonies, lis.; Other Countries, 12s.; strictly net. 
Contents. 

Part I., Historical — Chapters I., Introduction. — II., Work leading up to the Discovery of 
the X Rays.— III., The Discovery. 

Part II., Apparatus and its Mana^ment— Chapters I., Electrical Terms.— II., Sources 
of Electricity.— III., Induction Coils.— IV., Electrostatic Machines.— V., Tubes.— VI., Air 
Pumps.— VII., Tube Holders and Stereoscopic Apparatus.— VIII., Fluorescent Screens. 

Part III., Practical X Ray Woric— Chapters I., Installations.— II., Radioscopy.— III., 
Radiography.— IV., X Rays in EXentistry.— V., X Rays in Chemistry.— VI., X Rays in War.— 
Index) 

List of Plates. 

Frontispiece — Congenital Dislocation of Hip-Joint. — I., Needle in Finger. — II., Needle in 
Foot.- III., Revolver Bullet in Calf and Leg.— IV., A Method .of Localisation.— V., Stellate 
Fracture of Patella showing shadow of "Strapping". — VI., Sarcoma. — VII., Six-weeks'-old 
Injury to Elbow showing new Growth of Bone. — VIII., Old Fracture of Tibia and Fibula 
badly set. — IX., Heart Shadow. — X., Fractured Femur showing Grain of Splint. — XL, Bar- 
ren's Method (rf Localisation. 

India^ Rubber and Gutta Percha. 

INDIA-RUBBER AND GUTTA PERCHA. Translated 

from the French of T. Suligmann, G. Lamy, Torvilhon and H. 

Falconnet. Royal 8vo. Eighty-six Illustrations. Three Plates. 

About 400 pages. 1902. [In the press. 

Contents. 

Part I. — Chapters I., Botanical Origin. — II., Climatology — Soil — Rational Culture and 
Acclimation of the Different Species of India-Rubber Plants.— III., Methods of Obtaining 
the Latex — Methods of Preparing Raw or Crude India-Rubber. — IV., Classification of the 
Commercial Species of Raw Rubber.— V., Physical and Chemical Properties of the Latex 
and of India-Rubber. — VI. and VII., Mechanical Transformation of Natural Caoutchouc 
into Washed or Normal Caoutchouc (Purification) and Normal Rubber into Masticated 
Rubber — Softening, Cutting, Washing, Drying— Preliminary Observations. — VIII., Vul- 
canisation of Normal Rubber. — IX., Chemical and Physical Properties of Vulcanised 
Rubber— General Considerations. — X., Hardened Rubber or Ebonite. — XI., Considerations 
on Mineralisation and other Mixtures — Coloration and Dyeing — Analysis of Natural or 
Normal Rubber and Vulcanised Rubber. — XII., Rubber Substitutes— Imitation Rubber. 

Part II. — Outta Percha.— Chapters I., Botanical Origin.— II., Climatolctfy— Soil 
—Rational Culture.— III., Methods of Collection.— IV., Classification of the Different 
Species of Commercial Gutta Percha. — V., Physical and Chemical Properties.- VL, 
Mechanical Transformation.— VII., Methods of Analysing.— VIII., Gutta Percha Sul>- 
stitutes.— Index. 
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DRYING BY MEANS OF AIR AND STEAM. Explana- 
tions, Formulae, and Tables for Use in Practice. Translated from the 
German of E. Hausbrand. Two folding Diagrams and Thirteen Tables. 
Crown 8vo. 1901. 72 pp. Price 5s.; India and Colonies, 5s. 6d. ; 
Other Countries, 6s. ; strictly net. 

Contents. 

Preface. — British and Metric Systems Compared — Centigrade and Fahr. Thermometers. — 
Chapters I., Introduction. — II., Estimation of the Maximum Weight of Saturated Aqueous 
Vapour which can be contained in 1 kilo, of Air at Different Pressure and Tempera- 
tures. — III.. Calculation of the Necessary Weight and Volume of Air, and of the Least 
Expenditure of Heat, per Drying Apparatus with Heated Air, at the Atmospheric Pressure : 
A , With the Assumption that the Air is Completely Saturated with Vapour both before Entry 
and after Exit from the Apparatus. — B, When the Atmospheric Air is Completely Saturated 
be/ore entry, but at its exit is only 3, ^ or ^ Saturated.— C, When the Atmospheric Air is not 
Saturated with Moisture before Entering the Drying Apparatus.— IV., Drying Apparatus, in 
which, in the Drying Chamber, a Pressure is Artificially Created, Higher or Lower than that 
of the Atmosphere.— v., Drying by Means of Superheated Steam, without Air.— VI., Heating 
Surface, Velocity of the Air Current, Dimensions of the Drying Room, Surface of the Drying 
Material, Losses of Heat. — Index. 

EVAPORATING, CONDENSING AND COOLING AP- 
PARATUS. Explanations, Formulae and Tables for Use 
in Practice. By E. Hausbrand, Engineer. Translated from the 
Second Revised German Edition by A. C. Wright, M.A. (Oxon.), 
B.Sc. (Lond.), formerly Assistant Lecturer and Demonstrator in 
Chemistry at the Yorkshire College, Leeds. With Twenty-one Illus- 
trations and Seventy-six Tables. Demy 8vo. 1902. Price 10s. 6d. ; 
India and Colonies, lis. ; Other Countries, 12s. net. 
Contents. 

Prefaces. — List of Tables. — Metric and British Systems and Thermometers compared. — 
Symbols and Contractions. — Introduction. — Chapters 1., /^^Coefficient of Transmission of 
Heat, k/, and the Mean Temperature Difference, 01m. — II., Parallel and Opposite Currents. — 
III., Apparatus for Heating with Direct Fire. — iV., The Injection of Saturated Steam. — V., 
Superheated Steam. — VI., Evaporation by Means of Hot Liquids. — VII., The Transference 
of Heat in General, and Transference by means of Saturated Steam in Particular. — VIII., 
The Transference of Heat from Saturated Steam in Pipes (Coils) and Double Bottoms. — 
IX., Evaporation in a Vacuum. — X., The Multiple-effect Evaporator. — XI., Multiple-effect 
Evaporators from which Extra Steam is Taken.— XII., The Weight of Water which must be 
Evaporated from 100 Kilos, of Liquor in order its Original Percentage of Dry Materials 
from 1-25 per cent, up to 20-70 per cent.— XIII., The Relative Proportion of the Heating 
Surfaces in the Elements of the Multiple Evaporator and their Actual Dimensions. — XIV.. 
The Pressure Exerted by Currents of Steam and Gas upon Floating Drops of Water. — 
XV., The Motion of Floating Drops of Water upon which Press Currents of Steam.— XVI., 
The Splashing of Evaporatmg Liquids.— XVII., The Diameter of Pipes for Steam, Alcohol, 
Vapour and Air.— XVIII., The Diameter of Water Pipes.— XIX., The Loss of Heat from 
Apparatus and Pipes to the Surrounding Air, and Means for Preventing the Loss. — XX., 
Condensers.— XXI., Heating Liquids by Means of Steam.— XXII., The Cooling of Liquids. 
— XXIII., The Volumes to be Exhausted from Condensers by the Air-pumps. — XXIV., A Few 
Remarks on Air-pumps and the Vacua they Produce. — XXV., The Volumetric Efficiency of 
Air-pumps. — XXVI., The Volumes of Air which must be Exhausted from a Vessel in order to 
Reduce its Original Pressure to a Certain Lower Pressure. — Index. 

Leather Trades. 

THE LEATHER WORKER'S MANUAL. Being a Com- 
pendium of Practical Recipes and Working Formulae for Curriers, 
Bootmakers, Leather Dressers, Blacking Manufacturers, Saddlers, 
Fancy Leather Workers, and all Persons engaged in the Manipulation 
of Leather. By H. C. Standage. 165 pp. 1900. Price 7s. 6d. ; 
India and Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net. 
Contents. 

Chapters L, Blackings, Polishes, Glosses, Dressings, Renovators, etc., for Boot and Shoe 
Leather. — IL, Harness Blackings, Dressings, Greases, Compositions, Soaps, and Boot-top 
Powders and Liquids, etc., etc. — IIL, Leather Grinders* Sundries. — IV., Currier's Seasonings, 
Blacking Compounds, Dressings, Finishes, Glosses, etc. — V., Dyes and Stains for Leather. — 
VL, Miscellaneous Information. — VII., Chrome Tannage. — Index. 

Press Opinions. 

" The book being absolutely unique." — Birmingham Gazette. 

" This is a valuable collection of practical receipts and working formulae for the use of those 
engaged in the manipulation of leather."— Ltf;«r/>oo/ Mercury. 
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PRACTICAL TREATISE ON THE LEATHER IN- 
DUSTRY. By A. M. Villon. A Translation of Villon's 
" Traite Pratique de la Fabrication des cuirs et du Travail des Peaux ". 
By Prank T. Addyman, B.Sc. (Lond.), F.I.C., F.C.S. ; and Corrected 
by an Eminent Member of the Trade. 500 pp., royal 8vo. 1901. 123 
Illustrations. Price 21s. ; India and Colonies, 22s. ; Other Countries, 
2ds. 6d. ; strictly net. 

Contents. 

Preface — ^Translator's Preface — List of IHustrations. 

Part L, Materials used in Tannin^:— Chapter L, Skins: I., Skin and its Structure; II., 
Skins used in Tanning; III., Various Skins atid their Uses — Chapter II., Tannin and Tanning 
Substances: I., Tannin; II., Barks (Oak); III., Barks other than Oak; IV., Tanning 
Woods; v.. Tannin-bearing Leaves; VI., Excrescences; VII., Tan-bearing Fruits; VIII., 
Tan-bearing Roots and Bulbs; IX., Tanning Juices ; X., Tanning Substances used in Various 
Countries; XI., Tannin Extracts; XII., Estimation of Tannin and Tannin Principles. 

Part II., Tannings-Chapter I., The Installation of a Tannary: I., Tan Furnaces; II.. 
Chimneys, Boilers, etc.; III., Steam Engines — Chapter II., Grinding and Trituration of 
Tanning Substances: I., Cutting up Bark; II., Grinding Bark; III., The Grinding of Tan 
Woods ; IV., Powdering Fruit, Galls and Grains ; V., Notes on the Grinding of Bark — Chap- 
ter III., Manufacture of Sole Leather: I., Soaking; II., Sweating and Unhairing; III., 
Plumping and Colouring; IV., Handling; V., Tanning; VI., Tanmng Elephants' Hides; 
VII., Drying; VIII., Striking or Pinning— Chapter IV., Manufacture of Dressing Leather: 
I., Soaking; II., Depilation; III., New Processes for the Depilation of Skins; IV., Tanning; 
v., Cow Hides; VI., Horse Hides; VII., Goat Skins; Manufacture of Split Hides— Chap- 
ter v.. On Various Methods of Tanning: I., Mechanical Methods; II., Physical Methods; 
III., Chemical Methods; IV., Tanning with Extracts — Chapter VI., Quantity and Quality; 
I., Quantity; II., Net Cost; III., Quality of Leather — Chapter VII., Various Manipulations 
of Tanned Leather: I., Second Tanning; II., Grease Stains; III., Bleaching Leather; IV., 
Waterproofing Leather; V., Weighting Tanned Leather; VI., Preservation of Leather — 
Chapter VIII., Tanning Various Skins. 

Part III., Carrying— Chapter I., Waxed Calf: I., Preparation; II., Shaving; III., 
Stretching or Slicking; IV., Oiling the Grain ; V., Oiling the Flesh Side; VI., Whitening and 
Graining; VII., Waxing; VIII., Finishing; IX., Dry Finishing; X., Finishing in Colour; 
XL, Cost— Chapter II., White Calf: I., Finishing in White— Chapter III., Cow Hide for 
Upper Leathers: I., Black Cow Hide; II., White Cow Hide; III., Coloured Cow Hide.^ 
Chapter IV., Smooth Cow Hide— Chapter V., Black Leather— Chapter VI., Miscellaneous 
Hides: I., Horse; IL. Goat; III., Waxed Goat Skin; IV., Matt Goat Skin— Chapter VII., 
Russia Leather: I., Russia Leather; II.. Artificial Prussia Leather. 

Part IV., Enamelled, Hungary and Chamoy Leather, Morocco, Parchment, Purs 
and Artificial Leatlier — Chapter I., Enamelled Leather: I., Varnish Manufacture; II., 
Application of the Enamel; III., Enamelling in Colour — Chapter II., Hungary Leather: I., 
Preliminary; II., Wet Work or Preparation; III., Aluming; IV., Dressing or Loft Work; 
v., Tallowing; VI., Hungary Leather from Various Hides—Chapter III., Tawing: I., Pre- 
paratory Operations; II., Dressing; III., Dyeing Tawed Skins; IV., Rugs — Chapter IV., 
Chamoy Leather — Chapter V., Morocco: I., Preliminary Operations, II., Morocco Tanning; 
III., Mordants used in Morocco Manufacture; IV., Natural Colours used in Morocco 
Dyeing; V., Artificial Colours ; VI. Different Methods of Dyeing; VII., Dyeing with Natural 
Colours; VIII., Dyeing with Aniline Colours; IX.. Dyeing with Metallic Salts; X., Leather 
Printing; XI., Finishing Morocco; XII., Shagreen; XIII., Bronzed Leather— Chapter VI., 
Gilding and Silvering: I., Gilding; II., Silvering; III., Nickel and Cobalt— Chapter VII. 
Parchment — Chapter VIII.. Furs and Furriery: I., Preliminary Remarks; II., Indigenous 
Furs; III., Foreign Furs from Hot Countries; IV. Foreign Furs from Cold Countries; V., 
Furs from Birds' Skins; VI., Preparation of Furs; VII., Dressing; VUI.. Colouring; IX., 
Preparation of Birds' Skins; X. Preservation of Furs — Chapter IX., Artificial Leather: I., 
Leather made from Scraps; II., Compressed Leather; III., American Cloth; IV., Papier 
M&ch6; v.. Linoleum; VI., Artificial Leather. 

Part v., Leatlier Testing and tlie Theory of Tanning— Chapter I., Testing and Analysis 
of Leather: I., Physical Testing of Tanned Leather; II., Chemical Analysis — Chapter II., 
The Theory of Tanning and the other Operations of the Leather and Skin Industry: I., 
Theory of Soaking; II., Theory of Unhairing; III., Theory of Swelling; IV., Theory of 
Handling; V. Theory of Tanning; VI., Theory of the Action of Tannin on the Skin; VII., 
Theory of Hungary Leather Making; VIII., Theory of Tawing; IX., Theory of Chamoy 
Leather Making; X., Theory of Mineral Tanning. 

Part VI., Uses of Leatner— Chapter I., Machine Belts : I., Manufacture of Belting ; II., 
Leather Chain Belts; III., Various Belts, IV., Use of Belts— Chapter II., Boot and Shoe- 
making: I., Boots and Shoes; II., Laces — Chapter III., Saddlery: I., Composition of a 
Saddle; II., Construction of a Saddle— Chapter IV., Harness: I., The Pack Saddle; 11^ 
Harness — Chapter V., Military Equipment—Chapter VI., Glove Making — Chapter VIL, 
Carriage Building — Chapter VIII., Mechanical Uses. 

Appendix, The World's Commerce in Leather— I., Europe; II., America; III., Asia 
IV., Africa; Australasia — Index. 

Press Opinions. 

"The book is well and lucidly written." — Shoe Manufacturers' Monthly Journal. 
" This book cannot fail to be of great value to all engaged in the leather trades. . . . ** — 
Midland Free Press. 
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** Gives much useful and interesting information concerning the various processes by which 
the skins of animals are converted into leather." — Leeds Mercury. 

" It can thus be confidently recommended to all who are more or less practically in- 
terested in the technology of a very important subject." — Leicester Post. 
^ " This is, in every respect, an altogether admirable, practical, clear and lucid treatise on 
the various and numerous branches of the great leather industry, of which it deals in an ex- 
haustive, highly intelligent, workmanlike and scientific manner. . . . " — Shoe and Leather 
Trader. 

** It certainly should be worth the while of English tanners to see what lessons they can 
learn from French practice, and French practice, we should imagine, could hardly have a 
better exponent than the author of this large volume."— H^«5f 0m DaUy Press and Bristol Times, 

"... As a work of reference the volume will be extremely useful in the trade, and where 
leisure affords sufficient opportunity a careful perusal and study of it would afford ample 
reward." — Kettering Guardian. 

Books on Pottery, Bricks, 
Tiles, Glass, etc. 

THE MANUAL OF PRACTICAL POTTING. Revised 
and Enlarged. Third Edition. 200 pp. 1901. Price 17s. 6d.; India 
and Colonies, 18s. 6d. ; Other Countries, 20s. ; strictly net. 
Contents. 

Introduction. The Rise and Progress of the Potter's Art.— Chapters I., Bodies. China 
and Porcelain Bodies, Parian Bodies, Semi-porcelain and Vitreous Bodies, Mortar Bodies, 
Earthenwares Granite and C.C. Bodies, Miscellaneous Bodies, Sagger and Crucible Clays, 
Coloured Bodies, Jasper Bodies, Coloured Bodies for Mosaic Painting, Encaustic Tile Bodies, 
Body Stains, Coloured Dips. — II., QIazes. China Glazes, Ironstone Glazes, Earthenware 
Glazes, Glazes without Lead, Miscellaneous Glazes, Coloured Glazes, Majolica Colours. — III., 
Gold and Cold Colours. Gold, Purple of Cassius, Marone and Ruby, Enamel Coloured 
Bases, Enamel Colour Fluxes, Enamel Colours, Mixed Enamel Colours, Antique and Vellum 
Enamel Colours, Underglaze Colours, Underglaze Colour Fluxes, Mixed Under^laze Colours, 
Flow Powders, Oils and Varnishes.— IV., Means and Metliods. Reclamation of Waste 
Gold, The Use of Cobalt, Notes on Enamel Colours, Liquid or Bright Gold.— V., Classification 
and Analysis. Classification of Clay Ware, Lord Playfair's Analysis of Clays, The Markets 
of the World, Time and Scale of Firing, Weights of Potter's Material, Decorated Goods 
Count. — VI., Comparative Loss of Weight of Clays. — ^VII., Ground Felspar Calculations. — 
VIII., The Conversion of Slop Body Recipes into Dry Weight.— IX., The Cost of Prepared 
Earthenware Clay. — X., Forms and Tables. Articles of Apprenticeship, Manufacturer's 
Guide to Stocktaking, Table of Relative Values of Potter's Materials, Hourly Wages Table, 
Workman's Settling Table, Comparative Guide for Earthenware and China Manufacturers in 
the use of Slop Flint and Slop Stone, Foreign Terms applied to Earthenware and China 
Goods, Table for the Conversion of Metrical Weights and Measures on the Continent of South 
America. — Index. 

CERAMIC TECHNOLOGY: Being some Aspects of Tech- 
nical Sciencfe as Applied to Pottery Manufacture. Edited by Charles 
F. BiNNS. 100 pp. Demy 8vo. 1897. Price 12s. 6d. ; India and 
Colonies, 13s. 6d. ; Other Countries, 15s. ; strictly net. 

Contents. 

Preface. — Introduction. — Chapters I., The Chemistry of Pottery. — II., Analysis and Syn- 
thesis.— III., Clays and their Components.— IV., The Biscuit Oven.— V., Pyrometry.— VI., 
Glazes and their Composition. — VII., Colours and Colour-making. — Index. 

BECIPES FOR FLINT GLASS MAKING. By a British 
Glass Master and Mixer. Sixty Recipes. Being Leaves from the 
Mixing Book of several experts in the Flint Glass Trade, containing 
up-to-date recipes and valuable information as to Crystal, Demi-crystai 
and Coloured Glass in its many varieties. It contains the recipes for 
cheap metal suited to pressing, blowing, etc., as well as the most costly 
crystal and ruby. British manufacturers have kept up the quality of 
this glass from the arrivals of the Venetians to Hungry Hill, Stour- 
bridge, up to the present time. The book also contains remarks as 
to the result of the metal as it left the pots by the respective metal 
mixers, taken from their own ■ memoranda upon the originals. IdOO. 
Price for United Kingdom, 10s. 6d. ; Abroad. 15s. ; United States, $4 ; 
strictly net. 
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Contents. 

Ruby— Ruby from Copper— Flint tor using with the Ruby for Coating— A German Metal- 
Cornelian, or Alabaster— Sapphire Blue— Ciysophis— Opal— Turquoise Blue— Gold Colour- 
Dark Green— Green (common)— Green for Malachite— Blue for Malachite— Black for Mela- 
chite— Black— Common Canary Batch— Canary— White Opaque Glass— Sealing-wax Red— 
Flint— Flint Glass (Crystal and Demi)— Achromatic Glass— Paste Glass— White Enamel- 
Firestone— Dead White (for moons)— White Agate— Canary— Canary Enamel— Index. 

COLOURING AND DECORATION OF CERAMIC 
WARE. By Alex. Brongniart. With Notes and Additions 
by Alphonse Salvetat. Translated from the French. 200 pp. 1898. 
Price 7s. 6d. ; India and Colonies, 8s. ; Other Countries, 8s. 6d. ; 
strictly net. 

Contents. 

The Pastes, Bodies or Ceramic Articles Capable of being Decorated by Vitriflable Colours 
—The Chemical Preparation of Vitriftable Colours--Composition and Preparation of Vitriflable 
Colours — The Oxides — Preparation of Oxides — Preparation of Chromates — Preparation of 
other Colours — Composition and Preparation of Fluxes — Muffle Colours — Recipes Tor Colours 
— Use of Metals — Lustres — Preparation and Application of Colours— Composition of Coloured 
Pastes — Underglaze Colours — Colours in the Glaze — Overglaze Colours — Painting in Vitri- 
flable Colours— Gilding — Burnishing — Printing — Enlarging and Reducing Gelatine Prints — 
Muffle Kilns for Vitriflable Colours — Influence of the Material on the Colour — Changes Re- 
sulting from the Actions of the Pire — Alterations Resulting from the Colours — Alterations in 
Firing. 

HOW TO ANALYSE CLAY. Practical Methods for Prac- 
tical Men. By Holden M. Ashby, Professor of Organic Chemistry, 
Harvey Medical College, U.S.A. Twenty Illustrations. 1898. Price 
2s. 6d. ; Abroad, ds. ; strictly net. 

Content8B 

List of Apparatus — List of Atomic Weights — Use of Balance, and Burette, Sand Bath, and 
Water Bath — Dessicator — Drying Oven — Filtering— Fusion — Determination of Water, Organic 
Matter, Iron, Calcium, Alkalies, Limestone, Silica, Alumina, Magnesium^ etc. — Mechanical 
Analysis — Rational Analysis — Standard Solutions — ^Volumetric Analysis — Standards for Clay 
Analysis — Sampling. 

ARCHITECTURAL POTTERY. Bricks, Tiles, Pipes, Ena- 
melled Terra-cottas, Ordinary and Incrusted Quarries, Stoneware 
Mosaics, Faiences and Architectural Stoneware. By Leon Lep^vrb. 
With Five Plates. 950 Illustrations in the .Text, and numerous estimates. 
500 pp., royal Svo. 1900. Translated from the French bv K. H. Bird, 
M.A., and W. Moore Binns. Price 15s. ; India and Colonies, 16s. ; 
Other Countries, 17s. 6d. ; strictly net. 
Contents. 

Part I. Plain Undecorated Pottery.— Chapter I., Clays : § 1, Classification, General Geo- 
logical Remarks.— Classification, Origin, Locality ; § 2, General Properties and Composition : 
Physical Properties, Contraction, Analysis, Influence of Various Substances on the Properties 
of Clays; § 3, Working of Clay-Pits— I. Open Pits: Extraction, Transport, Cost— II. Under- 
ground Pits — Mining Laws. Chapter II., Preparation of the Clav : Weathering, Mixing 
Cleaning, Crushing and Pulverising — Crushing Cylinders and Mills, Pounding Machines- 
Damping : Damping Machines— Soaking, Shortening, Pugging : Horse and Steam Pug-Mills, 
Rolling Cylinders— Particulars of the Above Machines. Chapter III., Bricks : § 1, Manufacture 
—(1) Hand and Machine Moulding.— I. Machines Working by Compression : on Soft Clay, on 
Semi-Firm Clay, on Firm Clay, on Dry Clay.— II. Expression Machines : with Cylindrical Pro- 
pellers, with Screw Propellers — Dies — Cutting-tables — Particulars of the Above Machines — 
General Remarks on the Choice of Machines— Types of Installations— Estimates — Plenishing, 
Hand and Steam Presses, Particulars— (2) Drying, by Exposure to Air, Without Shelter, and 
Under Sheds— Drying-rooms in Tiers, Closed l3rymg-rooms, in Tunnels, in Galleries— De- 
tailed Estimates of the Various Drying-rooms, Comparison of Prices— Transport from 
the Machines to the Drying-rooms, Barrows, Trucks, Plam or with Shelves, Lifts-^3) Firing 
—I. In Clamps— II. In Intermittent Kilns. A, Open : a, using Wood; b Coal; t/, in Clamps; 
6", Flame — B, Closed: c. Direct Flame; c', Rectangular; c". Round; i, Reverberatory— III. 
Continuous Kilns : C, with Solid Fuel : Round Kiln, Rectangular Kiln, Chimneys (Plans and 
Estimates)— D, With Gas Fuel, Fillard Kiln (Plans and Estimates), Schneider Kiln (Plans and 
Estimates), Water-gas Kiln— Heat Production of the Kilns ; § 2, Dimensions, Shapes, Colours, 
Decoration, and Quality of Bricks — Hollow Bricks, Dimensions and Prices of Bncks, Various 
Shapes, Qualities— Various Hollow Bricks, Dimensions, Resistance, Qualities; § 3, Applications 
—History— Asia, Africa, America, Europe : Greek, Roman, Byzantine, Turkish, Romanesque, 
Gothic, Renaissance, Architecture— Architecture of the Nineteenth Century: in Germany, 
England, Belgium, Spain, Hol]and,Prance,America— Use of Bricks— Walls Arches Pavements 
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Flues, Cornicea— Facing with Coloured Bricks— Balustrades. Chapter IV., Tiles: § 1, His- 
tory ; § 2, Manufacture — (1) Moulding, by Hand, by Machinery : Preparation of the Clay, Soft 
Paste, Firm Paste, Hard Paste— Preparation of the Slabs, Transformation into Flat Tiles, into- 
Jointed Tiles — Screw, Cam and Revolver Presses — Particulars of Tile-presses— <2) Drying — 
Planchettes, Shelves, Di^ing-barrows and Trucks— (3) Firing — Divided Kilns — Installation of 
Mechanical Tileworks — Estimates ; § 3, Shapes, Dimensions and Uses of the Principal Types 
of Tile— Ancient Tiles: Flat, Round, Roman, Flemish— Modern Tiles— With Vertical Inter- 
rupted Join : Gilardoni's, Martin's ; Hooked, Boulet's Villa ; with Vertical Continuous Join r 
MuUer's, Alsace, Pantile— Foreign Tiles— Special Tiles— Ridge Tiles. Coping Tiles, Border 
Tiles, Frontons, Gutters, Antefixes, Membron, Angular — Roofing Accessories : Chimney-potSr 
Mitrons, Lanterns, Chimneys— Qualities of Tiles — Black Tiles— Stoneware Tiles — Particulars 
of Tiles. Chapter V., Pipes: I. Conduit Pipes — Manufacture — Moulding : Horizonti«l 
Machines, Vertical Machines, Worked by Hand and Steam — Particulars of these Machine^ 
— Drying— Firing — II. Chimney Flues — ^Ventiducts and " Boisseaux," " Waggons " — Particular? 
of these Products. Chapter VI., Quarries : 1, Plain Quarries of Ordmary Clay ; 2, of Cleaned 
Clay — Machines, Cutting, Mixing, Polishing — Drying and Firing — Applications — Particulars of 

guarries. Chapter VII., Terra-cotta : History — Manufacture — Application : Balustrades, 
slumns, Pilasters, Capitals, Friezes, Frontons, Medallions, Panels, Rose-windows, Ceilings 
— ^Appendix : Official Methods of Testing Terra-cottas. 

Part II. Made-up or Decorated Pottery.— Chapter I., General Remarks on the Deco- 
ration of Pottery : Dips — Glazes : Composition, Colouring, Preparation, Harmony with 
Pastes — Special Processes of Decoration — Enamels, Opaque, Transparent, Colours. Under- 
glaze, Over-^laze — Other Processes : Crackling, Mottled, Flashing, Metallic Iridescence, 
Lustres. Chapter II., Glazed and Enamelled Bricks — History: Glazing — Enamelling — ^Appli- 
cations: Ordinary Enamelled Bricks, Glazed Stoneware, Enamelled Stoneware — Enamelled 
Tiles. Chapter III., Decorated Quarries: I. Paving Quarries — 1, Decorated with Dips — ^2, 
Stoneware: A, Fired to Stoneware; a, of Slag Base — Applications; 6, of Melting Clay — 
Applications — ^B, Plain or Incrusted Stoneware; a, of Special Clay (Stoke-on-Trent) — Manu- 
facture — Application — 6, of Felspar Base— Colouring, Manufacture, Moulding, Drying, Firing 
— Applications. — II. Facing Quarries — 1, in Faience — A, of Limestone Paste — 5, of Silicious- 
Paste— C, of Felspar Paste — Manufacture, Firing — 2, of Glazed Stoneware — 3, of Porcelain — 
Applications of Facing Quarries. — III. Stove Quarries — Preparation of the Pastes, Moulding, 
Firing, Enamelling, E^oration — Applications — Faiences for Fireplaces. Chapter IV., Archi- 
tectural Decorated Pottery: § 1, Faiences; § 2, Stoneware; § 3, Porcelain. Chapter V., 
Sanitary Pottery : Stoneware Pipes : Manufacture, Firing — Applications — Sinks — Applications 
— Urinals, Seats and Pans — ^Applications — Drinking-fountains, Washstands. — Index. 

A TREATISE ON THE CERAMIC INDUSTRIES. A 

Complete Manual for Pottery, Tile and Brick Works. By Emile 
BouRRY, Ingenieur des Arts et Manufactures. Translated from the 
French by Wilton P. Rix, Examiner in Pottery and Porcelain to the 
City and Guilds of London Technical Institute, Pottery Instructor to- 
the Hanley School Board. Royal 8vo. 1901. Over 700 pp. Price 
21s. ; India and Colonies, 22s. ; Other Countries, 23s. 6d. ; strictly net. 

Contents. 

Part I., Qeneral Pottery Methods. Chapters I., Definition and History. Definitton» 
and Classification of Ceramic Products — Historic Summary of the Ceramic Art. — II., Raw 
Materials of Bodies. Clays : Pure Clay and Natural Clays— Various Raw Materials : Analogous- 
to Clay — Agglomerative and Agglutinative — Opening — Fusible — Refractory — Trials of Raw 
Materials. — III., Plastic Bodies. t*roperties and Composition — Preparation of Raw Materials: 
Disaggregation — Purification — Preparation of Bodies : By Plastic Method — By Dry Method — 
By Oquid Method. — IV., Formation. Processes of Formation : Throwing — Expression — 
Moulding by Hand, on the JoUey, by Compression, by Slip Casting — Slapping — Slipping. — ^V.r 
Drying. Drying of Bodies — Processes of Drying: By Evaporation — By Aeration — By 
Heating — By Ventilation — By Absorption. — VI., Glazes. Composition and Properties — Raw 
Materials — Manufacture and Application. — ^VII., Firing. Properties of the Bodies and Glazes^ 
during Firing — Description of the Kilns — Working of the Kilns. — VIII., Decoration. Colouring 
Materials — Processes of Decoration^ '^p .Viiit^ 

Part II., Special Pottery Methods. ^Chapters IX., Terra Cottas. Classification: 
Plain Ordinary, Hollow, Ornamental, Vitrified, and Light Bricks— Ordinary and Black Tiles- 
Paving Tiles— Pipes — Architectural Terra Cottas— Vases, Statues and Decorative Objects — 
Common Pottery— Pottery for Water and Filters— Tobacco Pipes— Lustre Ware— Properties 
and Tests for Terra Cottas.— X., Fireclay Goods. Classification : Argillaceous, Aluminous,. 
Carboniferous, Silicious and Basic Fireclay Goods — Fireclay Mortar (Pug) — ^Tests for Fireclay 
Goods. — XL, Faiences. Varnished Faiences— Enamelled Faiences — Silicious Faiences — Pipe- 
clay Faiences— Pebble Work— Feldspathic Faiences— Composition, Processes of Manufacture 
and Genera] Arrangements of Faience Potteries. — XII., Stoneware. Stoneware Properly So- 
called: Paving Tiles— Pipes— Sanitary Ware— Stoneware for Food Purposes and Chemicaf 
Productions— Architectural Stoneware — Vases, Statues and other Decorative Objects — Fine 
Stoneware.— XIII., Porcelain. Hard Porcelain for Table Ware and Decoration, for the Fire, 
for Electrical Conduits, for Mechanical Purposes ; Architectural Porcelain, and Dull or Biscuit 
Porcelain— Soft Phosphated or English Porcelain— Soft Vitreous Porcelain, French and New 
Sevres— Argillaceous Soft or Seger's Porcelain— Dull Soft or Parian Porcelain— Dull Felds- 
pathic Soft Porcelain. — Index. 
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THE ART OF RIVETING GLASS, CHINA AND 
EARTHENWARE. By J. Howarth. Second Edition* 
1900. Price Is. net ; by post, home or abroad, Is. Id. 

Contents. 

Tools and Materials Required — Wire Used for Rivets — Soldering Solution — Preparation 
for Drilling—Commencement of Drilling— Cementing — Preliminaries to Riveting — Rivets to 
Make — ^To Fix the Rivets — ^Through-and-through Rivets — Soldering — Tinning a Soldering-iron 
— Perforated Plates, Handles, etc. — Handles of Ewers, etc. — ^Vases and Comports — Marble 
and Alabaster Ware— Decorating — How to Loosen Fast Decanter Stoppers — China Cements. 

NOTES ON POTTERY CLAYS. Their Distribution, Pro- 
perties, Uses and Analyses of Ball Clays, China Clays and China 
Stone. By Jas. Fairie, F.G.S. 1901. 132 pp. Crown 8vo. Price 
3s. 6d. ; India and Colonies, 4s. ; Other Countries, 4s. 6d. ; strictly net. 

Contents. 

Definitions — Occurrence— Brick Clays— Fire Clays— Analyses of Fire Clays.- Ball Clays — 
Properties — Analyses — Occurrence — Pipe Clay — Black Clay — Brown Clay — Blue Clay — Dor- 
setshire and Devonshire Clays. — China Clay or Kaolin — Occurrence — Chinese Kaolin— Comisb 
Clays — Hensbarrow Granite — Properties, Analyses and Composition of China Clays — 
Method of Obtaining China Ciay — Experiments with Chinese Kaolin — Analyses of Chinese 
and Japanese Clays and Bodies — Irish Clays. — Chinese Stone — Composition — Occurrence — 
Analyses. — Index. 

PAINTING ON GLASS AND PORCELAIN AND 
ENAMEL PAINTING. A Complete Introduction to the 
Preparation of ail the Colours and Fluxes used for Painting on Porce- 
lain, Enamel, Faience and Stoneware, the Coloured Pastes and Col- 
oured Glasses, together with a Minute Description of the Firing of 
Colours and Enamels. On the Basis of Personal Practical Experience 
of the Condition of the Art up to Date. By Felix Hermann, Technical 
Chemist. With Eighteen Illustrations. 300 pp. Translated from the 
German second and enlarged Edition. 1897. Price 10s. 6d. ; India 
and Colonies, lis.; Other Countries, 12s.; strictly net. 
Contents. 

History of Glass Painting.— Chapters I., The Articles to be Painted : Glass, Porcelain, 
Enamel, Stoneware, Faience. — II., Pigments: 1, Metallic Pigments: Antimony Oxide, Naples 
Yellow, Barium Chromate, Lead Chromate, Silver Chloride, Chromic Oxide. — III., Fluxes: 
Pluxes, Felspar, Quartz, Purifying Quartz, Sedimentation, Quenching, Borax, Boracic Acid, 
Potassium and Sodium Carbonates, Rocaille Flux. — IV., Preparation of the Colours for Glass 
Painting.— v.. The Colour Pastes.— VI., The Coloured Glasses.— VII., Composition of the 
Porcelam Colours. — VIII., The Enamel Colours: Enamels for Artistic Work. — IX., Metallic 
Ornamentation : Porcelain Gilding, Glass Gilding. — X., Firing the Colours : 1, Remarks on 
Firing : Firing Colours on Glass, Firing Colours on Porcelain ; 2, The Muffle. — XL, Accidents 
occasionally Supervening during the Process of Firing. — XI L, Remarks on the Different 
Methods of Painting on Glass, Porcelain, etc. — ^Appendix: Cleaning Old Glass Paintings. 

Press Opinions. 

"Will be found of much interest to the amateur." — Art Amateur ^ New York. 

"... The whole cannot fail to be both of service and interest to glass workers and to 
potters generally, especially those employed upon high-class work." — Staffordshire Sentinel. 

" For manufacturers and students it will be a valuable work, and the recipes which appear 
on almost every page form a very valuable feature." — Builders Journal. 

** . . . Very careful instructions are given for the chemical and mechanical preparation of 
the colours used in glass-staining and porcelain-painting; indeed, to the china painter such a 
book as this should be of permanent value." — Daily Chronicle. 

A TREATISE ON THE ART OF GLASS PAINTING. 

Prefaced with a Review of Ancient Glass. By Ernest R. Suffling. 
With One Coloured Plate and Thirty-seven Illustrations. Demy 8vo. 
140 pp. 1902. Price 7s. 6d. ; India and Colonies, 8s. ; Other Countries, 
8s. 6d. net. 

Contents. 

Chapters I., A Short History of Stained Glass.— II., E>esigning Scale Drawings.— III., Car- 
toons and the Cut Line.— IV., Various Kinds of Glass Cutting for Windows.— V., The Colours 
and Brushes used in Glass Painting.— VI., Painting on Glass, Dispersed Patterns.— VII., 
Diapered Patterns— Aciding— Firing.— VIII., Fret Lead Glazing.- Index. 
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A BeisBue of 
THE HISTORY OF THE STAFFORDSHIRE POTTER- 
lES ; AND THE RISE AND PROGRESS OF THE 
MANUFACTURE OF POTTERY AND PORCELAIN. 

With References to Genuine Specimens, and Notice^ of Eminent Pot- 
ters. By Simeon Shaw. (Originally Published in 1829.) 265 pp. 
1900. Demy 8vo. Price 7s. 6d.; India and Colonies, Ss. ; Other 
Countries, 8s. 6d. ; strictly net. 

Contents. 

Introductory Chaptar showing the position of the Pottery Trade at the present time 
1899).— Chapters I., PrellmlnarK Roanarkc— II., The Potteries, comprising Tunstall, 
Brownhills, Greenfield and New Field, Golden Hill, Latebrook. Green Lane, Burslem, Long- 
port and Dale Hall, Hot Lane and Cobridge, Hanley and Shelton, Btruria, Stoke, Penkhull, 
Penton, Lane Delph, Foley, Lane End.— III., On the Origin of the Art, and its Practice 
among the esu'ly Nations.— IV., Manufacture of Pottery, prior to 1700.— V., The Introduc- 
tion of Rod Porcelain bv Messrs. Biers, of Bradwell, 1090.— VI., Progress of the Manu- 
facturo from 1700 to Mr. Wedgwood's commencement in 1760.— VII.. Introduction of Fluid 
QIaze. — Extension of the Manufacture of Cream Colour. — Mr. Wedgwood's Queen's Ware.— 
Jasper, and Appointment of Potter to Her Msjesty.— Black Printing.— VIIL, Introduction 
of Porcolain. Mr. W. Littler's Porcelain.— Mr. Cookworthy's Discovery of Kaolin and 
Petuntse, and Patent.— Sold to Mr. Champion— resold to the New Hall Com.— Extension of 
Term.— IX., Blue Printed Pottery. Mr. Turner, Mr. Spode (1), Mr. Baddeley, Mr. Spode 
(2), Messrs. Turner, Mr. Wood, Mr. Wilson, Mr. Minton.— Great Change in Patterns of Blue 
Printed.— X., Introduction of Lustre Pottery. Improvements in Pottery and Porcelain 
subsequent to 1800. 

Press Opinions. 

** There is much curious and useful information in the work, and the publishera have rendered 
the public a service in reissuing it.'*— Burton Mail. 

** Copies of the original work are now of considerable value, and the facsimile reprint now 
issued cannot but prove of considerable interest to all interested in the great industry."— Z)«r6y 
Mercury, 

A BeisBue of 
THE CHEMISTRY OF THE SEVERAL NATURAL 
AND ARTIFICIAL HETEROQENEOUS COM- 
POUNDS USED IN MANUFACTURING POR- 
CELAIN, GLASS AND POTTERY. By Simeon Shaw. 
(Originally published in 1837.) 750 pp. 1900. Royal 8vo. Price 14s. ; 
India and Colonies, ISs. ; Other Countries, 16s. 6d. ; strictly net. 
Contents. 

PART I., ANALYSIS AND MATERIALS.— Chapters I., Introduction : Laboratory and 
Apparatus; Elements: Combinative Potencies, Manipulative Processes for Analysis and 
Reagents, Pulverisation, Blow-pipe Analysis, Humid Analysis, Preparatory Manipulations, 
General Analytic Processes, Compounds Soluble in Water, Compounds Soluble only in Acids, 
Compounds (Mixed) Soluble in Water, Compounds (Mixed) Soluble in Acids, Compounds 
(Mixed) Insoluble, Particular Analytic Processes.— II., Temperature : Coal, Steam Heat for 
Printers' Stoves.— III., Acids and Ailcalies : Boracic Acid, Muriatic Acid, Nitric Acid, Sul- 
phuric Acid, Potash, Soda, Lithia, Calculation of Chemical Separations. — IV., The Earths : 
Alumine, Clays, Silica, Flint, Lime, Plaster of Paris, Magnesia, Barytes, Felspar, Grauen (or 
China Stone), China Clay, Chert.— V., Metals : ReciprocafCombinative Potencies of the Metals, 
Antimony, Arsenic, Chromium, Green Oxide, Cobalt, Chromic Acid, Humid Separation of 
Nickel from Cobalt, Arsenite of Cobalt, Copper, Gold, Iron, Lead, Manganese, Platinum, Silver, 
Tin, Zinc. 

PART II., SYNTHESIS AND COMPOUNDS.— Chapters I., Sketch of the Origin and 
Progress of the Art.— II., Science of Mixinor : Scientific Principles of the Manufacture, Com- 
binative Potencies of the Earths. — III., Bodies : Porcelain — Hard, Porcelain — Fritted Bodies, 
Porcelain— Raw Bodies, Porcelain — Soft, Fritted Bodies, Raw Bodies, Stone Bodies, Ironstone, 
Dry Bodies, Chemical Utensils, Fritted Jasper, Fritted Pearl, Fritted Drab, Raw Chemical 
Utensils, Raw Stone, Raw Jasper, Raw Pearl, Raw Mortar, Raw Drab, Raw Brown, Raw Fawn, 
Raw Cane, Raw Red Porous, Raw Egyptian, Earthenware, Queen's Ware, Cream Colour, Blue 
and Fancy Printed, Dipped and Mocha, Chalky, Rings, Stilts, etc. — IV., Q lazes : Porcelain- 
Hard Fritted, Porcelain— Soft Fritted, Porcelain— Soft Raw, Cream Colour Porcelain, Blue 
Printed Porcelain, Fritted Glazes, Analysis of Fritt, Analysis of Glaze, Coloured Glazes, Dips, 
Smears and Washes; Glasses: Flint Glass, Coloured Glasses, Artificial Garnet, Artificial 
Emerald, Artificial Amethyst, Artificial Sapphire, Artificial Opal, Plate Glass, Crown Glass, 
Broad Glass, Bottle Glass, Phosphoric Glass, British Steel Glass, Glass-Staining and Painting, 
Engraving on Glass, Dr. Faradav's Experiments.- V., Colours: Colour Making, Fluxes or 
Solvents, Components of the Colours; Reds, etc., from Qold, Carmine or Rose Colour, 
Purple, Reds, etc., from Iron, Blues, Yellows, Greens, Blacks, White, Silver for Burnishing, 
Gold for Burnishing, Printer's Oil, Lustres. 

PART III., TABLES OF THE CHARACTERISTICS OF CHEMICAL SUB- 
STANCES. 
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Press Opinions. 

*' . . . There is an excellent historical sketch of the origin and progress of the art of pottery 
^^hich shows the intimate knowledge of classical as well as (the then) modem scientific litera- 



e possessed by the late Dr. Shaw." — Glasgow Herald, 
** The historical!' 



1 sketch of the origin and progress of pottery is very interesting and instruc- 
tive. The science of mixing is a problem of great importance, and the query how the natural 
products, alumina and silica can be compounded to form the best wares may be solved by the 
aid of chemistry instead of by guesses, as was formerly the case. This portion ot the book may 
be most suggestive to the nuuiufacturer, as also the chapters devoted to the subject of glazes, 
glasses and colours." — Birmingham Post. 

** Messrs. Scott, Greenwood & Co. are doing their best to place before the pottery trades 
some really good books, smd their spirited enterprise is worthy of encouragement, for the 
utility of technical literature bearing upon the ractical side of potting goes without saying. 
, . . They are to be congratulated on their enterprise in republishing it." — Staffordshire 
Sentinel. 



Paper Making* 



THE DYEING OP PAPER PULP. A Practical Treatise for 

the use of Papermakers, Paperstainers, Students and others. By 

Julius Erfurt, Manager of a Paper Mill. Translated into English 

and Edited with Additions by Julius Hubner, F.C.S., Lecturer on 

Papermaking at the Manchester Municipal Technical School. With 

Illustrations and 167 patterns Of paper dyed In the pulp. Royal 

8vo, 180 pp. 1901. Price 15s. ; India and Colonies, 16s. ; Other 

Countries, 208. ; strictly net. Limited edition. 

Contents. 

L, Behaviour of the Paper Fibres during the Process of Dyeing, Theory of the 

Mordant.— II., Colour Fixing Mediums (Mordants).— III., Influence of the Quality of 

the Water Used.— IV., Inorganic Colours.— V., Organic Colours.— VI., Practical 

Application of the Coal Tar Colours according to their Properties and their 

Behaviour towards the Different Paper Fibres.— VII., Dyed Patterns on Various Pulp 

Alixtures.— Dyeing to Shade.— Index. 

Press Opinions. 

" The book is one that is of value to every one connected with the colouring of paper." — 
Paper Trade Journal. 

"The great feature of the volume is undoubtedly the series of actual patterns of dyed 
papers, 157 in all — twelve of which, made in England, have been added to the original German 
series. Detailed formulae are given for the preparation of the pulp for each, and the tints of 
the samples practically form a key, by means of which the accuracy of the student's or 
practitioner's experiments can be tested. . . ." — World's Paper Trade Review. 

Enamelling on Metal. 

JBNAMELS AND ENAMELLING. An Introduction to the 
Preparation and Application of all Kinds of Enamels for Technical and 
Artistic Purposes. For Enamel Makers, Workers in Gold and Silver, 
and Manufacturers of Objects of Art. By Paul Randau. Translated 
from the German. With Sixteen Illustrations. 180 pp. 1900. Price 
10s. 6d. ; India and Colonies, lis. ; Other Countries, 12s. ; strictly net. 
Contents. 

I., Introduction. — II., Composition and Properties of Glass. — III., Raw Materials for the 
Manufacture of Enamels. — IV., Substances Added to Produce Opacity. — V., Fluxes. — ^VI., Pig- 
ments. — ^VII., Decolorising Agents. — ^VIII., Testing the Raw Materials with the Blow-pipe 
Flame. — IX., Subsidiary Materials. — X., Preparing the Materials for Enamel Making. — XL, 
Mixing the Materials. — ^XII., The Preparation of Technical Enamels, The Enamel Mass. — 
XIII., Appliances for Smeltmg the Enamel Mass.— XIV., Smelting the Charge.— XV., Com- 
position of Enamel Masses. — XVI., Composition of Masses for Ground Enamels. — XVII., 
Composition of Cover Enamels. — ^XVIII., Preparing the Articles for Enamelling. — XIX., 
Applying the Enamel. — XX., Firing the Ground Enamel. — XXI., Applying and Firing the 
Cover Enamel or Glaze. — XXII., Repairing Defects in Enamelled Ware. — XXIII., Enamelling 
Articles of Sheet Metal.— XXIV., Decorating Enamelled Ware.— XXV., Specialities in Ena- 
melling.— XXVI., Dial-plate Enamelling.— XXVII., Enamels for Artistic Purposes, Recipes 
lor Enamels of Various Colours. — Index. 

Press Opinions. 

" Should prove of great service to all who are either engaged in or interested in the art of 
enamelling."— 7«fe'e/^rs and Watchmakers* Trade A dvertiser. 

'* I must inform you that this is the best book ever I have come across on enamels, and it is 
worth double its cost."— J. Minchin, Jr., Porto, Portugal, 22nd July, 1900. 

" This is a very useful and thoroughly practical treatise, and deals with every branch of the 
«nameller'8 art." — Invention. 
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THE ART OF ENAMELLING ON METAL. By W. 

Norman Brown. Twenty-eight Illustrations. Crown 8vo. 60 pp» 
1900. Price 2s. 6d. ; Abroad, 3s. ; strictly net. 
Contents. 

Chapters I., History — Cloisonn^— Champs Lev6 — ^Translucent Enamel — Surface Painted 
Enamels. — II., Cloisonne — Champs Lev6s — Translucent — Painted. — III., Painted Enamel — 
Apparatus — Furnaces and Muffles for Firing. — IV., The Copper Base or Plate — Planishing — 
Cioisons — Champ Lev6 Plates. — V., Enamels — ^Trituration — Washing — Coating a Plate with. 
Enamel — Firing Ordinary Plaques for Painting — Designing — Squaring off. — VI., Designs for 
Cloisonnd — Designs for Painted Enamels — Technical Processes — Brushes, etc., — Colours — 
Grisaille — Full-coloured Designs. 

Press Opinion. 

"The information conveyed in The Art oj Enamtllins on Metal is as complete as can be ex- 
pected in a manual of ordinary length, and is quite ample in all respects to start students in a 
most interesting branch of decorative art." — Hardware Metals and Machinery. \ 

Books on Textile and Dyeing 
Subjects. 

THE TECHNICAL TESTING OF YARNS AND TEX- 
TILE FABRICS. With Reference to Official Specifica- 
tions. Translated from the German of Dr. J. Herzfeld. Second 
Edition. Sixty-nine Illustrations. 200 pp. Demy 8vo. 1902. Price 
10s. 6d. ; India and Colonies, lis. ; Other Countries, 12s. ; strictly net. 

Contents. 

Yam Te^tinar. III., Detemtninar the Yam Number.— IV., Testlnjr the Length of 
Yams.— v., Examination of the External Appearance of Yarn.— VI., Oeterminin&r the 
Twist of Yam and Twist.— VII., Determination of Tensile Strength and Elasticity.— 
VIII., Estimating the Percentage of Fat in Yam.- IX., Determination of Moisture 

(Conditioning).— Appendix 

Press Opinions. 

" It would be well if our English manufacturers would avail themselves of this important 
addition to the extensive list of German publications which, by the spread of technical infor> 
mation, contribute in no small degree to the success, and sometimes to the supremacy, of 
Germany in almost every branch of textile manufacture." — Manchester Courier. 

" This is probably the most exhaustive book published in English on the subject." — Textile 
Recorder. 

" A careful study of this book enables one to say with certainty that it is a standard work on 
the subject." — Glasgow Herald. 

"... For the nrst time all the data relating to both physical and chemical tests as used 
throughout the whole of the textile industry, so that not only the commercial and textile 
chemist, who has frequently to reply to questions on these matters, but also the practical 
manufacturer of textiles and his subordinates, whether in spinning, weaving, dyemg, and 
finishing, are catered for. . . . The book is profusely illustrated, and the subjects of these 
illustrations are clearly described." — Textile Manufacturer. 

DECORATIVE AND FANCY TEXTILE FABRICS. 

With Designs and Illustrations. By R. T. Lord. A Valuable Book for 
Manufacturers and Designers of Carpets, Damask, Dress and all Textile 
Fabrics. 200 pp. 1898. Demy8vo. 132 Designs and Illustrations. Price 
7s. 6d. ; India an^ Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net. 
Contents. 

Chapters I., A Few Hints on Designing Ornamental Textile Fabrics. — II., A Few Hints on 
Designing Ornamental Textile Fabrics (continued). — III., A Few Hints on Designing Orna- 
mental Textile Fabrics (continued). — IV., A Few Hints on Designing Ornamental Textile 
Fabrics (continued). — V., Hints for Ruled-paper Draughtsmen. — VI., The Jacquard Machine. — 
VII., Brussels and Wilton Carpets.— VIII., Tapestry Carpets.— IX., Ingrain Carpets.— X.^ 
Axminster Carpets. — XI., Damask and Tapestry Fabrics.— XII., Scarf Silks and Ribbons. — 
XIII., Silk Handkerchiefs.— XIV., Dress Fabrics.— XV., Mantle Cloths.- XVI., Figured Plush. 
—XVII., Bed Quilts.- XVIII., Calico Printing. 

Press Opinions. 

"The book can be strongly recommended to students and practical men." — Textile Coloutist, 

" Those engaged in the designing of dress, mantle tapestry, carpet and other ornamental 
textiles will find this volume a useful work of reference." — Leeds Mercury. 

"To be commended as a model manual." — Dundee Advertiser. 

" Designers especially, who desire to make progress in their calling, will do well to take the 
hints thrown out in the first four chapters on ' Designing Ornamental Textile Fabrics '." — 
Nottingham Daily Guardian. 
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POWER-LOOM WEAVING AND YARN NUMBERING, 

According to Various Systems, with Conversion Tables. An Auxiliary 
and Text-book for Pupils of Weaving Schools, as well as for Self- 
Instruction and for General Use by those engaged in the Weaving 
Industry. Translated from the German of Anthon Gruner. With 
Twenty-8lx DIagrrams In Colours. 150 pp. 1900. Crown 8vo. Price 
7s. 6d. ; India and Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net. 

Contents. 

I., Power-Loom Weaving- tn General. Various Systems of Looms.— II., Mounting 
and Starting tlie Power- Loom. English Looms.— Tappet or Treadle Looms.— Dobbies.— 
III., QeneralRemarlcs on tlie Numbering, Reeling and Packing of Yarn.— Appendix.— 
Useful Hints. Calculating Warps.— Weft Calculations.— Calculations of Cost Price in Hanks. 

Press Opinions. 

"A long-felt want in the weaving industry." — Belfast Evening Telegraph. 

"The author has dealt very practically with the subject." — Bradford Daily Telegraph. 

"The book . . . should prove invaluable to the student." — Cotton Factory Times. 

"It is a capital text-book for use in the weaving schools or for self-instruction, while all 
engaged in the weaving industry will find its suggestions helpful." — Northern Daily Telegraph. 

"Yarn numbering according to various systems, with conversion tables and numerous 
coloured diagrams, materially assist to a clear comprehension of the subject." — Northern Whig. 

" The • inside ' managers of our textile mills in which the work is complex or greatly varied, 
and where yarns of different materials are in use, will find this work convenient for reference." 
— Textile Mercury. 

"The author attempts to fill a gap in weaving literature caused by the neglect of many 
obscure points connected with the \ndM%try."— Cheshire County News. 

" It is clear and concise, and gives just that knowledge in quality and amount which any 
student of the weaving industry ought to consider as a minimum necessary for his thorough 
comprehension of his future profession." — North British Daily Mail. 

"... The work should prove of much value, as it is in every sense practical, and is put 
before the reader in such a clear manner that il can be easily understood." — Textile Industries. 

"The smallest details of loom-setting are entered into, and a full explanation of problems, 
which are a source of anxiety to many engaged in overlooking, is given. Students will find 
the work an admirable text-book, and all who are interested in weaving will see in it a valuable 
addition to the literature on this suhiect."— Bradford Observer. 

THE CHEMICAL TECHNOLOGY OF TEXTILE 
FIBRES: Their Origin, Structure, Preparation, Washing, 
Bleaching, Dyeing, Printing and Dressing. By Dr. Georg von 
Georgievics. Translated from the German by Charles Salter. 
320 pp. Forty-seven Illustrations. Royal 8vo. 1902. Price 10s. 6d. ; 
India and Colonies, lis. ; Other Countries, 12s. net. 
Contents. 

Chapters I., The Textile Fibres.— Artificial Fibres— Mineral Fibres— Vegetable Fibres- 
Cellulose— Cotton— Bombax Cotton— Vegetable Silk— Flax— Hemp— Jute— Ramie, Rhea, China 
Grass, Nettle Fibre — Distinguishing Tests for the Various Fibres — Animal Fibres : Silk — Animal 
Hairs— Sheep's Wool— Goat Wool and Camel Wool— Artificial Wool (Wool Substitutes)— 
Conditioning.— II., Washing, BleachingTi Carbonising. — Washing and Bleaching (Definition) 
— Bleaching Agents — Cotton Bleaching — Linen Bleaching — Jute Bleaching — Hemp Bleaching 
— Ramie Bleaching — Scouring and Bleaching Silk — Washing and Bleaching Wool— Blueing or 
White Dyeing— Carbonising.— III., Mordants and Mordanting:.— Mordants: Mordanting 
Wool — Mordanting Silk— Mordanting Cotton— Alumina Mordants — Iron Mordants^— Chrome 
Mordants — Tin Mordants — Copper and other Mordants — The Fixing Agents (Acid Mordants) : 
Tannic Acids — Oleic Acids. — IV., Dyeing".- (1) Theory of Colour: Combination of Colours:. 
Dyeing to Pattern— (2) Theory of Dveing— (3) Classification of Dye Stuffs: Methods of Dyeing- 
Application of Acid Dye Stuffs — Application of Basic Dye Stuffs— Application of Direct or 
Substantive Cotton Dyes — Application of the Mordant Dyes : Dyeing with Cochineal — Black 
and Blue Dyeings with Logwood on Wool — Turkey-Red Dyeing — Dyeing with Catechu — Black- 
Dyeing Cotton with Logwood — Application of the Vat Dyes — Application of the Developing 
Dyes — (4) Dyeing on a Manufacturing Scale : Selection of Dye Stuffs for Dyeing— Silk Dyeing 
— Wool Dyeing— Cotton Dyeing— Dyeing Mixed Fabrics— (5) Sample Dyeings, Colorimetric 
Determinations, Reactions of Dye Stuffs on the Fibre, Tests for Fastness— V., Printing:.— 
Hand Printing— The Perrotine Press— The Cylinder Press— Calico Printing : (1) Reproduction 
of Pattern by Direct Printing : Thickening Agents— Employment of Mordant Dye Stuffs, Basic, 
Albumin, Direct, Developing, Vat, Acid — Treatment of the Goods when Printed — (2) Combined 
Printing and Dyeing— (3) Discharge Style Printing: Discharging the Mordant— Discharging 
Antimony Tannate— Discharging the Finished Dye— Turkey-Red Discharge Style— (4) Reserve 
Style Printing— (5) Topping Printing— Wool Prmting— Silk Printing— Printing Yarns, Warps, 
and Combed Sliver.— VI., Dressing: and Finishing:.— Dressing and Finishmg— Substances 
used in Finishing: (1) Starch, Gum, etc.— (2) Fatty Substances— (3) Hygroscopic Materials— 
(4) Loading Ingredients— (5) Colouring for the Dressing Preparations— (6) Metals or their 
Sulphites— (7) Waterproofing— (8) Fireproofing— (9) Antiseptics for Prevention of Mould- 
Application of Dressings— Dry-ing— Stretching— Finishing: Shearing, Damping, Calendering, 
Beetling, Moird or Watered Effects, Stamping— Finishing Woollens.— Index. 
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COLOUR: A HANDBOOK OF THE THEORY OF 
COLOUR. By George H. Hurst, F.C.S. With Teil 
Coloured Plates and Seventy-two Illustrations. 160 pp. Demy 8vo. 
1900. Price 7s. 6d. ; India and Colonies, 8s. ; Other Countries, 8s. 6d. ; 
strictly net. 

Contents. 
Chapters I., Colour and Its Production. Light, Colour, Dispersion of White Light,. 
Methods of Producing the Spectrum, Glass Prism and Diffraction Grating Spectroscopes, The 
Spectrum, Wave Motion of Light, Recomposition of White Light, Hue, Luminosity, Purity 
of Colours, The Polariscope, Phosphorescence, Fluorescence, Interference. — IL, Cause ot 
Colour tn Coloured . Bodies. Transmitted Colours, Absorption Spectra of Colouring 
Matters.— IIL, Colour Phenomena and Theories. Mixing Colours, White Light from 
Coloured Lights, Effect of Coloured Light on Colours, Complementary Colours, Young- 
Helmholtz Theory, Brewster Theory, Supplementary Colours, Maxwell's Theory, Colour 
Photography.— IV., The Physiologv of Li^fht. Structure of the Eye, Persistence of Vision, 
Subjective Colour Phenomena, Colour Bhndness. — ^V., Contrast. Contrast, Simultaneous- 
Contrast, Successive Contrast, Contrast of Tone, Contrast of Colours, Modification of Colours 
by Contrast, Colour Contrast in Decorative Design. — VL, Colour In Decoration and 
Design. Colour Harmonies, Colour Equivalents, Illumination and Colour, Colour and 
Textile Fabrics, Surface Structure and Colour. — VII., Measurement of Colour. Colour 
Patch Method, The Tintometer, Chromometer. 

Press Opinions. 

" This useful little book possesses considerable merit." — Birmingham Post. 

" It will be found to be of direct service to the majority of dyers, calico printers and colour 
mixers, to whom we confidently recommend it." — Chemical Trade Journal. 

** It is thoroughly practical, and gives in simple language the why and wherefore of the many 
colour phenomena which perplex the dyer and the colourist." — Dyer and Calico Printer. 

TEXTILE RAW MATERIALS AND THEIR CON> 
VERSION INTO YARNS. (The Study of the Raw 
Materials and the Technology of the Spinning Process.) Text-book for 
Textile, Trade and Higher Technical Schools. By Julius Zipser. 
Translated from German by Charles Salter. 302 Illustrations* 
480 pp. Demy 8vo. 1901. Price 10s. 6d. ; India and Colonies, lis.; 
Other Countries, 12s. ; strictly net. 

Contents. 

Introduction. 

PART 1.— The Raw Materials Used in the Textile Industry. 

GROUP I. Mineral Raw Materials. Asbestos— Glass — Metals. 

GROUP II. Vegetable Raw Materials. Seed Fibres — Cotton— Bombax Wool— 
Asclepias Wool — Poplar, Cotton Grass and Bulrush Wool — Stem Fibres— Flax— Hemp— Jute 
— Nettle Fibres — Sunn Hemp — Leaf Fibres — New Zealand Hemp — Manila Hemp — Sisal and 
Domingo Hemp — Aloe Fibre— Pineapple Fibre— Vegetable Wool— Fruit Fibres — Cocoanut 
Fibre — Other Vegetable Raw Materials employed in Weaving — Straw — Wood— Cane — 
Caoutchouc. 

GROUP III. Animal Raw Materials. Animal Wool and Hair— Sheep's Wool— Goat 
Wool — Camel Wool— Llama and similar Wools — Cow Hair— Poodle Hair— Hare, Rabbit, Cat 
and Beaver Fur— Horse Hair— Bristles— Silk— Natural Silk— Artificial Silk— Byssus Silk- 
Detection and Estimation of Textile Raw Materials in Yams and Fabrics — Characteristics of 
Mineral Raw Materials— Detecting and Methods of separating Vegetable and Animal Raw 
Materials in general— The Combustion Test— The Mandarin Test— The Picric Acid Test— The 
Sulphuric Acid Test— The Alkali Test— Differentiation of Animal and Vegetable Fibres in 
detail — Characteristics of Cotton — Characteristics of Flax — Characteristics of Sheep's Wool — 
Characteristics of True Silk— Characteristics of Artificial Silk— Determining the Constituents of 
Textile Fabrics— The Detection of Cotton in Linen Fabrics— The Detection of Cotton if» 
Woollen Fabrics— The Detection of Cotton in Silk Fabrics— The Detection of Wool in Silk 
Fabrics— The Detection of Wild Silk in True Silk Fabrics— The Detection of Artificial Silk in> 
Silk Fabrics— The Detection of Byssus Silk in Silk Fabrics. 

PART II.— The Technolosy of Spinning or the Conversion of Textile Raw 
Materials into Yam. 

Spinning — Sequence of Operations in Spinning — General Observations on the Machinery 
and Process of Spinning — Fine Spinning Machines — Requisite Properties for a Well-spu» 
Thread. 

GENERAL REVIEW OF THE VARIOUS BRANCHES OF 
THE SPINNING PROCESS. 

GROUP I. Spinning Vegetable Raw Materials. Cotton Spinning— Preparatory- 
Processes — Mixing — Opening and Cleaning — Carding— Combing — Drawmg and Doubling — 
Roving— Roving Frames producing a Permanent Twist— Machines producing Temporary Twist 
— Fine Spinning— The Throstle or Water Frame— The Mule Frame— Supplementary Treatment : 
Finishing— Finishing Processes producing no change in the Character of the Yam— Converting 
Yams into New Forms— Additional Finishing Processes— Packing— Installation of a Cotton 
Mill— Humidifiers— Spinning Waste Cotton and Waste Cotton Yams— Preliminary Operations 
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— Carding — Slubbing — Fine Spinning — Supplementary and Finishing Operations — Flax Spin> 
ning — Preparatory Treatment — Gilling — Doubling and Drawing — Roving— The Roving Frame- 
— Pine Spmning — Supplementary Treatment — Operations leaving the Yam unchanged — Opera- 
tions for producing New Combinations of Threads — Packing — Tow Spinning— Preparatory- 
Treatment — Roving — Fine Spinning — Hemp Spinning — Spinnmg Hackled or Line Hemp — 
Spinning Hemp Tow String— -Jute Spinning — Spinning Jute Line Yam — Spinning Jute Tow 
Yams — Supplementary Treatment — ^The Production of Mixed Yams — Utilising Jute Waste. 

PART 111.— Spinntnsr Animal Raw Materials. 

Spinning Carded Woollen Yarn — Preparatory Treatment — Scouring, Washing and Rinsing. 
— Draining and Drying the Wool — Burr Extraction — Opening and Willowing — Oiling the Wool 
— Carding — Condensing — Belt Condensers — Steel Band Condenser — Fine Spinning— The Mule 
— ^The Throstle Frame — Supplementary Treatment — Supplementary Treatment leaving the 
Yarn unaltered — Treatment with a view to producing Novel Effects — Finishing Yarn — Packing. 
Yarn — Worsted Spinning — Manufacture of True Worsted Yarn— Preliminary Treatment — 
Sorting — Steeping, Washing and Rinsing — Drying — Oiling — Carding — Gilling— Combing — 
Drawing — Smoothing — Drawmg and Slubbing — Rovmg — Fine Spinning — The Worsted Mule 
Frame — Worsted Throstle Frames— Supplementary Treatment — Processes leaving the Yarn, 
unchanged— Producing New Types of Yam — Fmishing Worsted Yarn — Packmg— Semi- 
Worsted Yams — Artificial Wool or Shoddy Spinning — Shoddy and Mungo Manutacture — 
Cleaning the Rags — Sorting the Rags — Trimming the Rags — Scouring — Disintegration — 
Extract Wool— Shaking — Scouring — Carbonising — Disintegration — Spinnmg Shoddy and- 
other Wool Substitutes — Spinning Waste Silk — Chappe Silk — Preliminary Treatment— Sorting 
— Steeping — Maceration — Scouring and Beetling — Drying— Sprinkling — Beating— Opening — 
Dressing — Spreading — Doubling and Drawing — Slubbing and Roving — Fine Spinning — Supple- 
mentary Operations — Operations leaving the Yarn unaltered— Producing New Forms of Yam 
— Finishing off Chappe Silk — Packing — Bourette Spinning. — Index. 

DYERS' MATERIALS : An Introduction to the Examination, 
Evaluation and Application of the most important Substances used in 
Dyeing, Printing, Bleaching and Finishing. By Paul Heerman, Ph.D^ 
Translated from the German by Arthur C. Wright, M.A. (Oxon.), 
B.Sc. (Lond.). With Two Plates, containing Twenty-four Illustrations. 
Crown 8vo. 150 pp. 1901. Price 5s.; India and Colonies, 5s. 6d. ; 
Other Countries, 6s ; strictly net. 

Contents. 

Chapter I., General : Table I., Indicators — Standard Solutions. — Table II., Solutions and 
Reagents in General Use. — Chapter II., Primary Materials : Water — Textile Fibres. Chapter 
III., Inorganic Materials : Hydrochloric Acid — Chlorides of Sodium, Magnesium, Ammonium,. 
Barium, Zinc, Copper, Manganese and Aluminium, Stannous Chloride, Stannic Chloride, 
Tin Spirits, Chromium Chloride — Fluorides and Bifluorides, Alkaline Bifluorides, Chromium 
Fluoride, Chromium Oxyfluoride, Copper Fluoride, Antimony Fluoride, Aniline HydroHuoride^ 
Antimony Fluoride, Double Salts — Sulphuric Acid, Fuming or Nordhausen Sulphuric Acid — 
Sulphates^ Sodium Sulphate, Sodium Bisulphate, Calcium Sulphate, Magnesium Sulphate,. 
Lead Sulphate, Ferrous Sulphate, Aluminium Sulphate, Ferric Sulphate, Copper Sulphate, 
Alums — Nitric Acid and Nitrates: Nitric Acid, Sodium, Silver, Lead, Ferrous,' Ferric and 
Rarer Nitrates — Chlorine-Oxygen Compounds : Bleaching Powder, Alkaline Hypochlorites*, 
other Hypochlorites, Potassium, Sodium, Aluminium, Chromium and Aniline Chlorates — 
Sulphite Compounds : Sulphurous Acid, Sulphites, Sodium Bisulphite, Hydro- or Hypo- 
sulphurous Acid, Hydro- or Hyposulphites, Sodium Thiosulphate — Miscellaneous Compounds : 
Sodium Nitrite, Sodium Phosphate, Water-glass, Sodium Arsenate, Sodium Tungstate* 
Sodium Stannate, Sodium Aluminate, Borax, Potassium Permanganate, Potassium Bichro- 
mate, Sodium Bichromate, Vanadates — Alkalies: Ammonia, Ammonium Salts, Caustic Soda, 
Caustic Potash, Sodium Carbonate, Calcium Carbonate — Peroxides : Hydrogen Peroxide*. 
Barium Peroxide, Sodium Peroxide — Zinc Dust. — Chapter IV., Organic Compounds: Fatty 
Acids and Their Salts — Acetic Acid, Acetates, Ferrous Acetate, Oxalic Acid and Oxalates, 
Tartaric Acid, Tartar, Tartar Emetic, Citric Acid, Lactic Acid — Cyanogen Compounds : Sulpho- 
cyanides, Potassium Ferrocyanide, Potassium Ferricyanide — Derivatives of the Fats : Soap, 
"Boiled-off Liquor," Turkey Red Oil — Tannins — Aniline and Analine Salts — Thickening and" 
Stiffening Materials : Starch, Prepared and Soluble Starch, Dextrine, Gum Arabic, Gum 
Senegal, Gum Tragacanth, Glue, Size— Dvm.— Appendix : Atomic Weights of the Elements- 
Molecular Weights of Certain Compounds — Gravimetric Equivalents — Volumetric Equi- 
valents. — Plate 1., Microscopic Appearance of the Textile Fibres (11 Illustrations). — Plate II.,. 
Microscopic Appearance of the Different Varieties of Starch (13 Illustrations). — Index. 

Press Opinions. 

" To those engaged in any branches of dyeing, printing, bleaching and finishing it ought to 
prove a valuable addition to existing works." — Textile Industries. 
" Cannot fail to be of the greatest value." — Huddersfield Examiner. 

THE COLOUR PRINTING OF CARPET YARNS. A 

Useful Manual for Colour Chemists and Textile Printers. By David- 
Paterson, F.C.S. Seventeen Illustrations. 132 pp. Demy 8vo. 1900. 
Price 7s. 6d. ; India and Colonies, 8s. Other Countries, 8s. 6d. ; strictly- 
net. 
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Contents. 

Chapters I., Structure and Constitution of Wool Fibre. — II., Yarn Scouring.— III., Scouring 
Materials.— IV., Water for Scouring.— V., Bleaching Carpet Yams.— VI., Colour Making for 
Yarn Printing.— VII., Colour Printing Pastes.- VIII., Colour Recipes for Yarn Printing.— 
IX., Science of Colour Mixing.— X., Matching of Colours.— XL, "Hank" Printing.— XII., 
Printing Tapestry Carpet Yarns.- XIII., Yarn Printing.— XIV., Steaming Printed Yams.— 
XV., Washing of Steamed Yarns.— XVI., Aniline Colours Suitable for Yarn Printing.— XVII., 
Glossary of Dyes and Dye-wares used in Wood Yarn Printing. — ^Appendix. 

Press Opinions. 

"The book is worthy the attention of the trade." — Worcester Herald. 

" The treatise is arranged with great care, and follows the processes described in a manner 
at once clear and convincmg." — Glasgow Record. 

"A most useful manual dealing in an intelligible and interesting manner with the colour 
printing of carpet yarns." — Kidderminster Times. 

" The author has evidently strained every effort in order to make his work the standard guide 
of its class." — Leicester Post. 

** The book, which is admirably printed and illustrated, should fulfil the need of a practical 
guide in the colour printing of carpet yarns. — Nottingham Express. 

" The subject is very exhaustively treated in all its branches. . . ." — Northern Whig. 

" It gives an account of its subject which is both valuable and instructive." — Scotsman. 

" The work shows a thorough grasp of the leading characteristics. as well as the minutae of 
the industry, and gives a lucid description of its chief departments. ... As a text-book in 
technical schools where this branch of industrial education is taught, the book is valuable." — 
Dundee Courier. 

" The book bears every mark of an extensive practical knowledge of the subject in all its 
bearings, and supplies a real want in technical literature." — Dyer and Calico Printer. 

"It is thoroughly practical, and contains much information which has not hitherto appeared 
in book form."— Journal of the Society of Dyers and Colourists. 

A PRACTICAL TREATISE ON THE BLEACHING OF 
LINEN AND COTTON YARN AND FABRICS. By 

L. Tailfer, Chemical and Mechanical Engineer. Translated from the 
French by John Geddes McIntosh, Lecturer on Chemical Technology, 
London. Demy 8vo. 303 pp. Twenty Illusts. 1901. Price 12s. 6d. ; 
India and Colonies, 13s. 6d. ; Other Countries, 15s. ; strictly net. 

Contents. 

Chapter I. General Considerations on Bleaching. Chapter II. Steeping. Chapter III. 
Washing: Its End and Importance— Roller Washing Machines— Wash WheeUDash Wheel)— 
Stocks or Wash Mill— Squeezing. Chapter IV. Lye Boiling— Lye Boiling with Milk of Lime 
— Lye Boiling with Soda Lyes— Description of Lye Boiling Keirs — Operations of Lye Boiling 
— Concentration of Ljres. Chapter V. Mather and Piatt's Keir— I>escription of the Keir — 
Saturation of the Fabrics — Alkali used in Lye Boiling — Examples of Processes. Chapter VI. 
Soap — Action of Soap in Bleaching — Quality and Quantity of Soaps to use in the Lye — Soap 
Lyes or Scalds — Soap Scouring Stocks. Chapter VII. Bleaching on Grass or on the Bleach- 
ing Green or Lawn. Chapter VIII. Chemicking — Remarks on Chlorides and their De- 
•colourising Action — Chemi(;king Cisterns — Chemicking— Strengths, etc. Chapter IX. Sours 
— Properties of the Acids — Effects Produced by Acids— Souring Cisterns. Chapter X. 
Drying — Drying by Steam — Drying by Hot Air — Drying by Air. Chapter XI. Damages to 
Fabrics in Bleachmg — Yarn Mildew — Fermentation — Iron Rust Spots — Spots from Contact 
with Wood — Spots incurred on the Bleaching Green — Damages arising from the Machines. 
Chapter XII. Examples of Methods used in Bleaching- Linen- Cotton. Chapter XIII. The 
Valuation of Caustic and Carbonated Alkali (Soda) and General Information Regarding these 
Bodies — Object of Alkalimetry — ^Titration of Carbonate of Soda — Comparative Table of 
Different Degrees of Alkalimetrical Strength — Five Problems relative to Carbonate of Soda 
— Caustic Soda, its Properties and Uses — Mixtures of Carbonated and Caustic Alkali — Note 
on a Process of Manufacturing Caustic Soda and Mixtures of Caustic and Carbonated Alkali 
Soda). Chapter XIV. Chlorometry — Titration — Wagner's Chlorometric Method — Prepara- 
tion of Standard Solutions — Apparatus for Chlorine Valuation — Alkali in Excess in De- 
colourising Chlorides. Chapter XV. Chlorine and Decolourising Chlorides — Synopsis — 
Chlorine — Chloride of Lime — Hypochlorite of Soda — Brochoki's Chlorozone — Various De- 
-colourising Hypochlorites — Comparison of Chloride of Lime and Hypochlorite of Soda 
Chapter XVI. Water — Qualities of Water— Hardness — Dervaux's Purifier— Testing the 
Purified Water— Different Plant for Purification— Filters. Chapter XVII. Bleaching of 
Yarn — Weight of Yarn — Lye Boiling— Chemicking— Washing — Bleaching of Cotton Yam. 
Chapter XVIII. The Installation of a Bleach Works— Water Supply— Steam Boilers— Steam 
Distribution Pipes — Engines — Keirs— Washing Machines— Stocks— Wash Wheels — Chemick- 
ing and Souring Cisterns— Various — Buildings. Chapter XIX. Addenda — Energy of De- 
colourising Chlorides and Bleaching by Electricity and Ozone — Energy of Decolourising 
Chlorides— Chlorides — Production of Chlorine and Hypochlorites by Electrolysis — Lunge's 
Process for increasing the intensity of the Bleaching Power of Chloride of Lime — Trilfer's 
Process for Removing the Excess of Lime or Soda from Decolourising Chlorides — Bleaching 
t>y Ozone. 
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THE SCIENCE OF COLOUR MIXING. A Manual in> 
tended for the use of Dyers, Calico Printers and Colour Chemists. By 
David Paterson, F.C.S. Forty-one Illustrations, FIVO Coloured Plates, 
and Four Plates showing Eleven Dyed Speoimens ef Fabrics. 132 

pp. Demy 8vo. 1900. Price 7s. 6d. ; India and Colonies, 8s. ; Other 
Countries, 8s. 6d. ; strictly net. 

Contents. 

Chapters I., Colour a Sensation ; Colours of Illuminated Bodies ; Colours of Opaque and 
Transparent Bodies; Surface Colour. — II., Analysis of Light; Spectrum; Homogeneous- 
Colours; Ready Method of Obtaining a Spectrum. — III., Examination of Solar Spectrum; 
The Spectroscope and Its Construction; Colourists* Use of the Spectroscope. — IV.. Colour by 
Absorption ; Solutions and Dyed Fabrics ; Dichroic Coloured Fabrics in Gaslight. — V., Colour 
Primaries of the Scientist verstts the Dyer and Artist ; Colour Mixing by Rotation and Lye 
Dyeing ; Hue, Purity, Brightness; Tints; Shades, Scales, Tones, Sad and Sombre Colours. — 
Vl.| Colour Mixing ; Pure and Impure Greens, Orange and Violets ; Large Variety of Shades 
from few Colours; Consideration of the Practical Primaries: Red, Yellow and Blue. — ^VII.,. 
Secondary Colours ; Nomenclature of Violet and Purple Group ; Tints and Shades of Violet ; 
Changes m Artificial Light. — VIII., Tertiary Shades; Broken Hues; Absorption Spectra of 
Tertiary Shades. — Appendix : Four Plates with Dyed Specimens Illustrating Text. — Index. 

Press Opinions. 

" The work has evidently been prepared with great C3Lre."—Hali/<^x Courier. 

"The volume, which is clearly and popularly written, should prove of the utmost service to- 
all w^ho are concerned with the practical use of colours, whether as dyers or painters." — 
Scotsman. 

" We have no hesitation in advising the purchase of the present volume by dyers and calico- 
printers, as containing a mass of most useful information at a nominal price." — Irish Textile 
Journal. 

" Mr. Paterson's work . . . will be found exceedingly helpful, not only to the practical 
colourist, but also to students in our textile colleges, by forming a useful complement to- 
their class lectures." — Wakefield Express. 

"... The author is a dyer, and in his concluding chapters keeps well before him the 
special wants and requirements of dyers. He writes pleasantly and lucidly, and there is no 
difficulty in following him, although here and there a lapse into ambiguousness occurs." — 
Textile Mercury. 

COLOUR MATCHING ON TEXTILES. A Manual in- 
tended for the use of Students of Colour Chemistry, Dyeing and 
Textile Printing. By David Paterson, F.C.S. Coloured Frontis- 
piece. Twenty-nine Illustrations and Fourteen Specimens of Dyed 
Fabrics Illustrating Text. Demy 8vo. 132 pp. 1901. Price 7s. 6d. p 
India and Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net. 

Contents. 

Chapters I., Colour Vision and Structure of the Eve— Perception of Colour — Pri.-nary 
and Complementary Colour Sensations.— II., Daylight for Colour Matching— Selection of a 
Good Pure Light— Diffused Daylight, Direct Sunlight, Blue Skylight, Variability of Daylight^ 
etc., etc. — III., Matching of Hues — Purity and Luminosity of Colours — Matching Bright Hues 
—Aid of Tinted Films— Matching Difficulties Arising from Contrast.— IV., Exkmination of 
Colours by Reflected and Transmitted Lights — Effect of Lustre and Transparency of Fibres 
in Colour Matching.— V., Matching of Colours on Velvet Pile — Optical Properties of Dye- 
stuffs, Dichroism. Fluorescence. — VI., Use of Tinted Mediums — Orange Film — Defects of the 
Eye— Yellowing of the Lens— Colour Blindness, etc.— VII., Matching of Dyed Silk Trimmings 
and Linings and Bindings — Its Difficulties — Behaviour of Shades in Artificial Light — Colour 
Matching of Old Fabrics, etc. — VIII., Examination of Dyed Colours under the Artificial Lights 
— Electric Arc, Magnesium and Dufton, Gardner Lights, Welsbach, Acetylene, etc. — Testing 
Qualities of an Illuminant. — IX., Influence of the Absorption Spectrum in Changes of Hue 
under the Artificial Lights— Study of the Causes of Abnormal Modifications of Hue, etc. 

Press Opinions. 

" It should form a part of the library of every dyer and colourist in the United Kingdom 
and indeed of every English-speaking country." — Dyer and Calico Printer. 

" We recommend it to every one who has anything to do with colour matching, even to* 
merchants dealing in colouring goods." — Indian Textile Journal. 

^^fii fifni o af 

THE ART OF DYEING WOOL, SILK AND COTTON^ 

Translated from the French of M. Hellot, M. Macquer and M. lr 
PiLEUR D'Apligny. First Published in English in 1789. Six Plates. 
Demy 8vo. 446 pp. 1901. Price 5s. ; India and Colonies, 5s. 6d. ; 
^ther Countries, 6s. ; strictly net. 
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Contents. 

Part I., The Art of Oyeinsr Wool and Woollen Cloth, Stuffs, Yarn, Worsted, etc. 
Part II., The Art of Dyeing Silk. 

Part III., The Art of Dyeinsr Cotton and Linen Thread, together with the Method 
«f Stamping 5illcs, Cottons, etc. 

Press Opinions. 

" The book has been produced in excellent style and should be of great assistance to dyers." 
— Drapers' Record. 

" Its reissue cannot fail to be of deep interest to all engaged in textile manufacture." — 

Mitcclesfield Courier. 

THE DYEING OF COTTON FABRICS: A Practical 
Handbook for the Dyer and Student. By Franklin Beech, Practical 
Colourist and Chemist. 272 pp. Porty-tbur Illustrations of Bleaching 
and Dyeing Machinery. Demy 8vo. 1901. Price 7s. 6d. ; India 
and Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net. 

Contents. 

Chapters I., Structure and Chemistry of the Cotton Fibre. — II., Scouring and Bleaching of 
Cotton. — III., Dyeing Machinery and Dyeing Manipulations.— IV., Principals and Practice of 
-Cotton Dyeing — 1, Direct Dyeing; 2, Direct Dyeing followed by Fixation with Metallic Salts; 
3, Direct Dyeing followed by Fixation with Developers ; 4, Direct Dyeing followed by Fixation 
with Couplers ; 5, Dyeing on Tannic Mordant ; 6, Dyeing on Metallic Mordant ; 7, Production 
of Colour Direct upon Cotton Fibres ; 8, Dyeing Cotton by Impregnation with Dye-stuff Solu- 
tion.— V., Dyeing Union (Mixed Cotton and Wool) Fabrics.— VI., Dyeing Half Silk (Cotton- 
Silk, Satin) Fabrics.— VII., Operations following Dyeing— Washing, Soaping, Drying.— VIIU 
Testing of the Colour of Dyed Fabrics.— IX., Experimental Dyeing and Comparative Dye 
Testing.— Index. 

The book contains numerous recipes for the production on Cotton Fabrics of all kinds of a 
^reat range of colours, thus making it of great service in the Dyehouse, while to the Student it 
IS of value in that the scientific principles which underlie the operations of dyeing are clearly 
Jaid down. 

THE DYEING OF WOOLLEN FABRICS. By Franklin 
Beech, Practical Colourist and Chemist. Thirty-three Illustrations. 
Demy 8vo. 228 pp. 1902. Price 7s. 6d. ; India and Colonies, 8s. r 
Other Countries, 8s. 6d. net. 

Contents. 

Chapters I., The Wool Fibre — Structure, Composition and Properties. — II., Processes Pre- 
paratory to Dyeing — Scouring and Bleaching of Wool. — III., Dyeing Machinery and Dyeing 
Manipulations — Loose Wool Dyeing, Yarn Dyeing and Piece Dyeing Machinery. — IV., The 
Principles and Practice of Wool Dyeing — Properties of Wool Dyeing — Methods of Wool 
Dyeing — Groups of Dyes — Dyeing with the Direct Dyes — Dyeing with Basic Dyes — Dyeing 
with Acid Dyes — Dyeing with Mordant Dyes — Level Dyeing— Blacks on Wool — Reds on Wo<n 
— Mordanting of Wool — Orange Shades on Wool — Yellow Shades on Wool — Green Shades on 
Wool — Blue Shades on Wool — Violet Shades on Wool — Brown Shades on Wool — Mode 
•Colours on Wool — V., Dyeing Union (Mixed Cotton Wool) Fabrics. — VI., Djreing of Gloria. 
— VII., Operations following Dyeing — Washing, Soaping, Drying. — VIII., Experimental Dyeing 
•and Comparative Dye Testing. — IX., Testing of the Colour of Dyed Fabrics. — Index. 

COTTON SPINNING (First Year). By Thomas- Thornley, 
Spinning Master, Bolton Technical School. 160 pp. Eighty-four Illus- 
trations. Crown 8vo. 1901. Price 3s. ; Abroad, 3s. 6d. ; strictly net. 

Contents. 

Syllabus and Examination Papers of the City and Guilds of London Institute. — Chapters 
I., Cultivation, Classification, Ginning, Baling and Mixing of the Raw Cotton. — II., Bale- 
breakers, Mixing Lattices and Hopper Feeders. — III., Opening and Scutching. — IV., Carding. 
— Index to Illustrations. — General Index. 

COTTON SPINNING (Intermediate, or-Second Year). By 
Thomas Thornley. 180 pp. Seventy Illustrations. Crown 8vo. 1901. 
Price 5s. ; India and British Colonies, 5s. 6d. ; Other Countries, 6s. ; 
strictly net. 

Contents. 

Syllabuses and Examination Papers of the City and Guilds of London Institute. — Chapters 
I., The Combing Process.— II., The Drawing Frame.— III., Bobbin and Fly Frames.— IV., Mule 
Spinning. — V., Ring Spinning. — Index to Illustrations. — General Index. ' 



Digitized by 



Google 



29 

COTTON SPINNING (Honours, or Third Year). By Thomas 
Thornley. 216 pp. Seventy-four Illustrations. Crown 8vo. 190K 
Price 5s. ; India and British Colonies, 5s. 6d. ; Other Countries, 6s. ; 
strictly net. 

Contents. 

Syllabuses and Examination Pa^rs of the City and Guilds of London Institute. — Chapters- 
I., Cotton. — II., The Practical Manipulation of Cotton Spinning Machinery. — III., Doubling, 
and Winding.— IV., Reeling.— V., Warping.— VI., Production and Costs.— VII., Main Driving. 
— VIII., Arrangement of Machinery and Mill Planning. — IX., Waste and Waste Spinning. — 
Index to Illustrations.— General Index. 

Opinions of Spinning Teachers. 

"The work (Vol. I.) contains a large amount of valuable information." — Mr. Jas. Tasher^ 
Preston. 

"They are certainly the best published on the subject."— Mr. John Kerfoot, Leigh. 

" Admirably fulfils the object m view, viz., a concise guide to the students preparing for the 
City and Guilds Examination Course." — Mr. Jas. W. Lomax, Bolton. 

" I have carefully read the book, and do not hesitate in saying that I consider it will un- 
doubtedly be a boon to cotton spinning students for three, among other, reasons: (1) The 
store of mformation on different makers' machines ; (2) it shows the student how he should 
consider the questions proposed at the examinations ; and (3) the methods he should adopt in 
answering same." — Samuel Ward, Teacher in Cotton Spinning, Glossop and Openshaw. 

COTTON COMBING MACHINES. By Thos. Thornley, 
Spinning Master, Technical School, Bolton. Demy'Svo. 117 Illustra- 
tions. 300 pp. 1902. Price 7s. 6d. ; India and Colonies, 8s. ; Other 
Countries, 8s. 6d. net. 

Contents. 

Chapters I., The Sliver Lap Machine and the Ribbon Cap Machine. — II., General Description 
of the Heilmann Comber.— III., The Cam Shaft.— IV.. On the Detaching and Attaching 
Mechanism of the Comber. — V., Resetting of Combers. — VI., The Erection of a Heilmann 
Comber.— VII., Stop Motions: Various Calculations — VIII., Various Notes and Discussions. — 
IX., Cotton Combing Machines of Continental Make. — Index. 

Books for Mining Engineers 
and Steam Users. 

RECOVERY WORK AFTER PIT FIRES. A Descriptiofi 
of the Principal Methods Pursued, especially in Fiery Mines, and of 
the Various Appliances Employed, such as Respiratory and Rescue 
Apparatus, Dams, etc. By Robert Lamprecht, Mining Engineer and 
Manager. Translated from the German. Illustrated by Six large 
Plates, containing Seventy-six Illustrations. 175 pp., demy 8vo. 190U 
Price 10s. 6d. ; India and Colonies, lis.; Other Countries, 12s.; 
strictly net. 

Contents. 

Preface.— I., Causes of Pit Fires: 1, Fires Resulting from the Spontaneous Ignition of 
Coal; 2, Fires Caused by Burning Timber; 3, Fires Caused by Fire-damp Explosions. — II., 
Preventive Rearulations : 1, The Outbreak and Rapid Extension of a Shaft Fire can be 
most reliably prevented by Employing little or no Combustible Material in the Construction of 
the Shaft ; 2, Precautions for Rapidly Localising an Outbreak of Fire in the Shaft ; 3, Pre- 
sautions to be Adopted in case those under 1 and 2 Fail or Prove Inefficient Precautions 
ag linst Spontaneous Ignition of Coal. Precautions for Preventing Explosions of Fire-damp 
and Coal Dust. Employment of Electricitv in Mining, particularlv in Fiery Pits. Experiments 
on the Ignition of Fire-damp Mixtures andf Clouds of Coal Dust by Electricity. — III., Indica- 
tions of an Existinar or Incipient Fire.— IV., Appliances for Worldiiflr in Irrespirable- 
Gases : 1, Respiratory Apparatus ; 2, Apparatus with Air Supply Pipes, (a) The Bremen Smoke 
Helmet, (6) The Miiller Smoke Helmet, (c) The Stolz Rescue Mask ; 3, Reservoir Apparatus ; 
4, Oxygen Apparatus. The Schwann Respiratory Apparatus. The Pleuss Respiratory Ap- 
paratus. The Improved Walcher-Gartner Pneumatophor, (a) The Single Bottle Apparatus,. 
Instructions for Using the Pneumatophor, Taking to Pieces and Resetting the Apparatus- 
ready for Use ; (6) Two Bottle Apparatus (Shamrock Type). The Neupert Rescue Apparatus- 
"" — . - . . -. -, .. ... ~" "'es: (a) Chemical Means; (6) Extinction 

I Packing with Clay ; (c) Insulating the 
n the Fiery Pits of Southern Hungary : 
(a) Cross-dams of Clay ; (b) Masonry Dams, Gallery Linings. Wagner's Portable Safety Dam. 
Analyses of Fire Gases. Isolating the Seat of a Fire with Dams : Working in Irrespirable- 
Gases ("Gas-diving ") : 1, Air-Lock Work (Horizontal Advance) on the Mayer System as Pur^ 
sued at Karwin in 1894 ; 2, Air-Lock Work (Horizontal Advance) by the Mauerhofer Modified 
System. Vertical Advance. Mayer System. Complete Isolation of the Pit. Flooding » 
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Burning Section isolated by means of Dams. Wooden Dams: (a) Upright Balk Dams; (6) 
Horizontal Balk Dams ; (c) Wedge Dams, Masonry Dams. Examples of Cylindrical and Dome- 
shaped Dams. Dam Doors : Flooding the Whole Pit.— VI., Rescue Stations : {a) Stations 
above Ground: (6) Underground Rescue Stations.— VII., Spontaneous lipiition of Coal in 
Bulk.— Index. 

iiiustrattons. 

Sheet I., Respiratory and Rescue Appliances— Precautions against Fire. Sheet 
II., Respiratory and Rescue Apparatus. Sheet III., Respiratory and Rescue Ap- 
paratus— Stretcliers. Sheet IV., Dams. Sheet V., Siipialiinff Appliances— Dam 
Construction— Cable Laying. Sheet VI., Worlcing witli Diving Gear in Irrespirable 
Oases— Gallery Worlc. Sheet VII., Worldng witli Diving Gear in Irrespirable Gases 
(Mayer System)— Appliances in tlie Sliaf t. 

Press Opinions. 

" A work of this extremely valuable character deserves to be made widely known amongst 
colliery managers and mining engineers at home and abroad." — Coal and Iron. 

"This book is, in a manner, unique. The literature of mining accidents is fairly extensive, 
but it consists largely of departmental Blue Books." — Sheffield Daily Telegraph. 

"A concise and lucid description of the principal methods pursued, especially in fiery 
mines, and of the various appliances employed, such as respiratory and rescue apparatus, 
dams, etc." — Staffs Advertiser, 

"The prevention of spontaneous combustion in collieries and the extinction of underground 
fires are duties that fall heavily on many colliery managers. They should, therefore, welcome 
this translation of Mr. Lamprecht's German treatise." — Ironmonger. 

THE PREVENTION OF SMOKE. Combined with the 
Economical Combustion of Fuel. By W. C. Popplewell, M.Sc, 
A.M.Inst., C.E., Consulting Engineer. Forty-six Illustrations. 190 pp. 
1901. Demy 8vo. Price 7s. 6d. ; India and Colonies, 8s.; Other 
Countries, 8s. 6d. ; strictly net. 

Contents. 

Introductory. — Chapters I., Fuel and Combustion. — II., Hand Firing in Boiler Furnaces. — 
III., Stoking by Mechanical Means.— IV., Powdered Fuel.— V., Gaseous Fuel.— VI., Efficiency 
and Smoke Tests of Boilers.- VII., Some Standard Smoke Trials.— VIII., The Legal Aspect 
of the Smoke Question. — IX., The Best Means to be adopted for the Prevention of Smoke. — 
Index. 

Press Opinions. 

"Everybody interested in smoke prevention will derive the greatest benefit from Mr. 
Popplewell's treatise, and will learn much that is new to them."— Public Health Engineer. 

"The Manchester expert who writes this book is thoroughly equipped for the task, and he 
has produced a work which ought to be in the hands of all Sanitary Inspectors and Health 
•Committees, and it \vould be a useful present from manufacturers to stokers, instead of pos- 
sibly spending the value of the volume in payment of fines." — Sheffield Independent. 

GAS AND COAL DUST FIRING. A Critical Review of 
the Various Appliances Patented in Germany for this purpose since 
1885. By Albert Putsch. 130 pp. Demy 8vo. 1901. Translated 
from the German. With 103 Illustrations. Price 7s. 6d. ; India and 
Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net. 
Contents. 

Generators — Generators Employing Steam — Stirring and Feed Regulating Appliances — 
Direct Generators — Burners — Regenerators and Recuperators — Glass Smelting Furnaces — 
Metallurgical Furnaces — Pottery Furnace — Coal Dust Firing. — Index. 

Press Opinions. 

**The work is worthy of perusal by all consumers of fuel. It is exceedingly well printed 
.and illustrated."— C/t«wtca/ Trade Journal. 

" The book will appeal with force to the manufacturer as well as to the technical student, 
whilst It is also of far more than average interest to the general reader." — Halifax Guardian. 

" The importance that gas and coal dust firing have attained of recent years, and especially 
the great interest attaching of late to the question of coal dust firing, makes the appearance 
'Of the present volume most opportune." — Iron and Coal Trades Review. 

Books on Plumbing, Decorating, 
Metal Work, etc., etc. 

JIXTERNAL PLUMBING WORK. A Treatise on Lead 
Work for*Roofs. By John W. Hart, R.P.C. 180 Illustrations. 270 
pp. Demy 8vo. Second Edition Revised. 1902. Price 7s. 6d. ; India 
and Colonies, 8s. ; Other Countries, 8s. 6d. strictly net. 
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Contents. 

Chapters I., Cast Sheet Lead.— II., Milled Sheet Lead.— III., Roof Cesspools.— IV., Socket 
Pipes.- v., Drips.- VI., Gutters.— VII., Gutters (continued).— VIII., Breaks.— IX., Circular 
Breaks.— X., Flats.— XL, Flats (continued).— XI L, Rolls on Flats.- XIIL, Roll Ends.— XIV.. 
Roll Intersections.— XV., Seam Rolls.— XVI., Seam Rolls (continued).— XVI I., Tack Fixings. 
— XVIIL, Step Flashings.— XIX., Step Flashings (continued).— XX., Secret Gutters.— XXI... 
Soakers.— XXII., Hip and Valley Soakers.— XXIII., Dormer Windows.— XXIV., Dormer 
Windows (continued).— XXV., Dormer Tops.— XXVL, Internal Dormers.— XXVI I., Skylights. 



(continued).— XXX VI I.,Towers and Finials (continued).— XXXVl 1 1., Domes.— XXXIX., Domes, 
(continued).— XL., Ornamental Lead Work.— XLL, Rain Water Heads.— XLIL, Rain Water 
Heads (continued). — XLIIL, Rain Water Heads (continued). 

Press Opinions. 

" This is an eminently practical and well-illustrated volume on the management of external! 
lead -work."— Birmingham Daily Post. 

" It is thoroughly practical, containing many valuable hints, and cannot fail to be of great 
benefit to those who have not had large experience." — Sanitary Journal. 

" Works on sanitan^ plumbing are by no means rare, but treatises dealing with external 
plumbing work are sufficiently scarce to ensure for Mr. Hart's new publication a hearty recep- 
tion." — The Ironmonger. 

HINTS TO PLUMBERS ON JOINT WIPING, PIPE 
BENDING AND LEAD BURNING. Third Edition, 
Revised and Corrected. By John W. Hart, R.P.C. 184 Illustrations. 
313 pp. Demy 8vo. 1901. Price 7s. 6d. ; India and Colonies, 8s.;; 
Other Countries, 8s. 6d. ; strictly net. 

Contents. 

Introduction. — C apters I., Pipe Bending. — II., Pipe Bending (continued). — III., Pipe- 
Bending (continued). — IV., Square Pipe Bendings, — V., Half-circular Elbows. — VI., Curved 
Bends on Square Pipe.— VII., Bossed Bends.— VIII., Curved Plinth Bends.— IX., Rain-water 
Shoes on Square Pipe. — X., Curved and Angle Bends. — XL, Square Pipe Fixings. — XII., Joint- 
wiping. — XI II., Substitutes for Wiped Joints. — XIV., Preparing Wiped Joints. — XV., Joint 
Fixings.— XVI., Plumbing Irons.— XVII., Joint Fixings.— XVIIL, Use of "Touch" in Solder- 
ing.— XIX., Underhand Joints. — XX., Blown and Copper Bit Joints. — XXL, Branch Joints. — 
XXIL, Branch Joints (continued).— XXI 1 1., Block Joints.— XXIV., Block Joints (continued).— 
XXV., Block Fixings.— XXVL, Astragal Joints— Pipe Fixings.— XXVI I., Large Branch 
Joints.— XXVIII. , Large Underhand Joints.— XXIX., Solders.— XXX., Autogenous Soldering: 
or Lead Burning. — Index. 

Press Opinions. 

" Rich in useful diagrams as well as in hints." — Liverpool Mercury. 

" The papers are eminentlv practical, and go much farther into the mysteries they describe 
than the title • Hints' properly suggests." — Scotsman. 

" The articles are apparently written by a thoroughly practical man. As a practical guide 
the book will doubtless be of much service." — Glasgow Herald. 

" So far as the practical hints in this work are concerned, it will be useful to apprentices and 
students in technical schools, as it deals mainly with the most important or difficult branches 
of the plumber's craft, vixr., joint wiping, pipe bending and lead burning. . . . 'Hints* are the- 
most useful things to an apprentice, and there are many in this work which are not to be found 
in some of the text-books." — English Mechanic. 

"22 Pryme Street, Hull, TAth November, 1894. 

" Gentlemen, — Your books to hand for which accept my best thanks, also for circulars. I 
myself got one of J. W. Hart's books on Plumbing from your traveller, and having looked 
through the same I can safely recommend it as bemg the best book I have seen. Mr. J. W. 
Hart treats exhaustively upon soldering and pipe bending, which are two di the most essential 
branches in the plumbing trade." 

THE PRINCIPLES AND PRACTICE OP DIPPING, 
BURNISHING, LACQUERING AND BRONZING 
BRASS WARE. By W. Norman Brown. 35 pp. Crown 
8vo. 1900. Price 2s. ; Abroad, 2s. 6d. ; strictly net. 
Contents. 



Chapters I., Cleansing and Dipping: Boiling up and Cleansing; Dipping. — II., Scratch- 
brushing and Burnishing; Polishmg; Burnishing. — III., Lacquering; Tools; Lacquers. — 
IV., Bronzing ; Black Bronzing ; Florentine Red Bronzing ; Green Bronzing. — Index. 



Press Opinions.* 

" Mr. Brown is clearly a master of his craft, and has also the immense advantage of bein^ 
able to convey his instructions in a manner at once clear and concise." — Leicester Post. 

"A thoroughly practical little treatise on the subject in all its branches, and one which 
should be in the hands of every tradesman or amateur who has lacquering to do." — Irish Builder ^ 
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WORKSHOP WRINKLES for Decorators, Painters, Paper- 
hangers and Others. By W. N. Brown. Crown 8vo. 128 pp. 1901. 
Price 2s. 6d. ; Abroad, 3s. ; strictly net. 
Contents. 

Parts I., Decorating. — II., Painting. — III., Paper-hanging. — IV., Miscellaneous. 
Arranged in alphabetical order. 

Press Opinion. 

"Decorators, painters and amateurs will find this a comprehensive work of reference on 
-nearly every subject they are in need of.' —Building News. 

HOUSE DECORATING AND PAINTING. By W. 

Norman Brown. Eighty-eight Illustrations. 150 pp. Crown 8vo. 

1900. Price 3s. 6d. ; India and Colonies, 4s. ; Other Countries, 4s. 6d. 
strictly net. Contents. 

Chapters I., Tools and Appliances.— II., Colours and Their Harmony.— III., Pigments and 
Media.— IV., Pigments and Media.-— V., Pigments and Media.— VI., Pigments and Media.— 
VII., Preparation of Work, etc. — VIII., Application of Ordinary Colour. — IX., Graining. — 
X., Graining.— XL, Graining.— XII., Gilding.— XIII., Writing and Lettering.— XIV., Sign 
Painting.— XV., Internal Decoration.— Index. 

Press Opinion. 

" The author is evidently very thoroughly at home in regard to the technical subjects he has 
:set himself to elucidate, from the mechanical rather than the artistic point of view, although 
the matter of correctness of taste is by no means ignored. Mr. Brown's style is directness 
itself, and there is no tyro in the painting trade, however mentally ungifted, who could fail to 
■carry away a clearer grasp of the details of the subject after going over the performance."— 
Building Industries. 

A HISTORY OP DECORATIVE ART. By W. Norman 
Brown. Thirty-nine Illustrations. 96 pp. Crown 8\o. 1900. Price 
2s. 6d. ; Abroad, 3s. ; strictly net. 

Contents. 

Chapters L, Primitive and Prenistoric Art. — II., Egyptian Art.— III., Assyrian Art.— IV., 
The Art of Asia Minor.— V., Etruscan Art.— VL, Greek Art.— VII., Roman Art.— VIIL, 
Byzantine Art.— IX., Lombard or Romanesque Art.— X., Gothic Art.— XL, Renaissance Art.— 
XIL, The Victorian Period.— Index. 

Press Opinion. 

•• In the course of a hundred pages with some forty illustrations Mr. Brown gives a very 
interesting and comprehensive survey of the progress and development of decorative art. It 
cannot, of course, be pretended that in the limited space named the subject is treated ex- 
haustively and in full detail, but it is sufficiently complete to satisfy any ordinary reader; 
indeed, for general purposes, it is, perhaps, more acceptable than a more elaborate treatise." — 
Midland Counties Herald. 

A HANDBOOK ON JAPANNING AND ENAMELLING 
FOR CYCLES, BEDSTEADS, TINWARE, ETC. By 

William Norman Brown. 52 pp. and Illustrations. Crown 8vo. 

1901. Price 2s. ; Abroad, 2s. 6d. ; net. 

Contents. 

A Few Words on Enamelling— Appliances and Apparatus— Japans or Enamels— To Test 
Enamel for Lead— Japanning or Enamelling Metals— Japanning Tin, such as Tea Trays, and 

•similar Goods— Enamelling Old Work— Enamel for Cast Iron— Enamel for Copper Cooking 
Utensils— The Enamelling Stove— Enamelling Bedsteads, Frames and similar large pieces- 
Paints and Varnishes for Metallic Surfaces— Varnishes for Ironwork— Blacking for Iron — 
Processes for Tin Plating— Galvanising— Metal Polishes— Colours for Polished Brass— A 
Golden Varnish for Metal— Painting on Zinc — Carriage Varnish — Japanese Varnish and its 

JLpplication. — Index 

THE PRINCIPLES OF HOT WATER SUPPLY. By 

John W. Hart, R.P.C. With 129 Illustrations. 1900. 177 pp., demy 
8vo. Price 7s. 6d. ; India and Colonies, Ss. ; Other Countries, 8s. 6d. ; 
strictly net. 

Contents. 

Chapters I., Water Circulation.— II., The Tank System.— III., Pipes and Joints.— IV., The 
•Cylinder System.- V., Boilers for the Cylinder System.- VI.,The Cylinder System.— VI I., The 
Combined Tank and Cylinder Svstem.— VIIL, Combined Independent and Kitchen Boiler.— 
IX., Combined Cylinder and Tank System with Duplicate Boilers. — X., Indirect Heating and 
Bdiler Explosions.— XL, Pipe Boilers.— XI I., Safety Valv€S.—XIII., Safety Valves.— XI V., The 
American System.— XV., Heating Water by Steam.— XVI., Steam Kettles and Jets.— XVII., 
Heating Power of Steam.— XVIIL, Covering for Hot Water Pipes.— Index. 
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Brewing and Botanical. 

HOPS IN THEIR BOTANICAL, AGRICULTURAL 
AND TECHNICAL ASPECT, AND AS AN ARTICLE 
OF COMMERCE. By Emmanuel Gross, Professor at 
the Higher Agricultural College, Tetschen-Liebwerd. Translated 
from the German. Seventy-eight Illustrations. 1900. 340 pp. Demy 
8vo. Price 12s. 6d. ; India and Colonies, 13s. 6d. ; Other Countries, 
15s. ; strictly net. 

Contents. 

PART I., HISTORY OF THE HOP. 
; ' PART II., THE HOP PLANT. Introductory.— The Roots.— The Stem and Leaves.— 
Inflorescence and Flower: Inflorescence and Flower of the Male Hop; Inflorescence and 
Flower of the Female Hop.— The Fruit and its Glandular Structure : The Fruit and Seed.— 
Propagation and Selection of the Hop. — Varieties of the Hop: (a) Red Hops; (6) Green Hops ; 
<c) Pale Green Hops. — Classification according to the Period of Ripening: 1. Early August 
Hops; 2. Medium Early Hops; 3. Late Hops. — Injuries to Growth: Malformations; Diseases 
Produced by Conditions of Soil and Climate: 1. Leaves Turning Yellow, 2. Summer or Sun- 
brand, 3. Cones Dropping Off, 4. Honey Dew, 5. Damage from Wind, Hail and Rain : Vegetable 
Enemies of the Hop: Animal Enemies of the Hop. — Beneficial Insects on Hops. 

PART III., CULTIVATION. The Requirements of the Hop in Respect of Climate, Soil 
and Situation : Climate ; Soil ; Situation. — Selection of Variety and Cuttings. — Planting a Hop 
Garden : Drainage ; Preparing the Ground ; Marking-out for Planting ; Planting ; Cultivation 
and Cropping of the Hop Garden in the First Year. — Work to be Performed Annually in the 
Hop Garden: Working the Ground; Cutting; The Non-cutting System; The Proper Per- 
formance of the Operation of Cutting : I. Method of Cutting : Close Cutting, Ordinary Cutting, 
The Long Cut, The Topping Cut; II. Proper Season for Cutting: Autumn Cutting, Spring 
Cutting ; Manuring ; Training the Hop Plant : Poled Gardens, Frame Training ; PrincipsU 
Types of Frames ; Pruning, Cropping, Topping, and Leaf Stripping the Hop Plant ; Picking, 
Drying and Bagging. — Principal and Subsidiary Utilisation of Hops and Hop Gardens. — L.ite 
of a Hop Garden ; Subse<^uent Cropping.— Cost of Production, Yield and Selhng Prices. 

PART IV. — Preservation and Storage. — Physical and Chemical Structure of the Hop Cone. 
— Judging the Value of Hops. 

PART v.— Statistics of Production.— The Hop Trade.— Index. 

Press Opinions. 

" The subject is dealt with fully in every little detail ; consequently, even the veriest tyro can 
take away some useful information from its pages." — Irish Farming World. 

" Like an oasis in the desert comes a volume upon the above subject." — Hereford Times. 

" This is, in our opinion, the most scholarly and exhaustive treatise on the subject of hops 
that has been published." — Brewers' Journal. 



Wood Waste Utilisation. 

THE UTILISATION OF WOOD WASTE. Translated from 
the German of Ernst Hubbard. Crown 8vo. 1902. Fifty Illustra- 
tions. Price 5s. ; India and Colonies, 5s. 6d. ; Other Countries, 6s. net. 

Contents. 

Chapters I., General Remarks on the Utilisation of Sawdust. — IL, Employment of Saw- 
dust as Fuel, with and without Simultaneous Recovery of Charcoal and the Products of 
Distillation. — IIL, Manufacture of Oxalic Acid from Sawdust — (1) Process with Soda Lye; 
(2) Thorn's Process ; (3) Bohlig's Process.— IV., Manufacture of Spirit (Ethyl Alcohol) from 
Wood Waste — Patent Dyes (Organic Sulphides, Sulphur Dyes, or Mercapto Dyes). — V., 
Artificial Wood and Plastic (compositions from Sawdust — Production of Artificial Wood 
Compositions for Moulded Decorations. — VL, Employment of Sawdust for Blasting Powders 
and Gunpowders. — VIL, Employment of Sawdust for Briquettes — Employment of Sawdust 
in the Ceramic Industry and as an Addition to Mortar — Manufasture of Paper Pulp from 
Wood — Casks. — VIII., Various Applications of Sawdust and Wood Refuse— Calcium Carbide 
— Manure^Wood Mosaic Plaques— Bottle Stoppers— Parquetry —Fire-lighters— Carborun- 
dum— IX., The Production of Wood Wool— Bark.— Index 
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Foods and Sweetmeats. 

THE MANUFACTURE OF PRESERVED FOODS AND 
SWEETMEATS : A Handbook of all the Processes for 
the Preservation of Flesh, Fruit and Vegetables, and for the Prepara- 
tion of Dried Fruit, Dried Vegetables, Marmalades, Fruit- Syrups and 
Fermented Beverages, and of all kinds of Candies, Candied Fruit, 
Sweetmeats, Rocks, Drops, Drag^es, Pralines, etc. By A. Hausnbr. 
With Twenty-eight Illustrations. Translated from the German of the 
third enlarged Edition. Crown 8vo. 225 pp. 1902. Price 7s. 6d. ; 
India and Colonies, 8s. ; Other Countries, 8s. 6d. net. 
Contents. 

Part I., The Manufacture of Conserves.— Chapters I., Introduction.— II., The Causes of 
the Putrefaction of Food.— III., The Chemical Composition of Foods.- IV., The Products of 
Decomposition. — V., The Causes of Fermentation and Putrefaction. — VI., Preservative Bodies. 
—VII., The Various Methods of Preserving Food.— VIII., The Preservation of Animal Food.— 
IX., Preserving Meat by Means of Ice. — X., The Preservation of Meat by Charcoal.— XL, 
Preservation of Meat by Drying. — XII., The Preservation of Meat by the Exclusion of Air. — 
XIII., The Appert Method.— XIV., Preserving Flesh by Smoking.— XV., Quick Smoking.— XVI., 
Preserving Meat M-ith Salt.— XVII., Quick Salting by Air Pressure.— XVIII., Quick Salting by 
Liquid Pressure.— XIX., Gamgee's Method of Preserving Meat. — XX., The Preservation of 
Eggs.— XXL, Preservation of White and Yolk of Egg.— XXIL, Milk Preservation.— XXII I. , 
Condensed Milk.— XXIV., The Preservation of Fat.— XXV., Manufacture of Soup Tablets.— 
XXVL— Meat Biscuits.— XXVIL, Extract of Beef.— XX VI 1 1., The Preservation of Vegetable 
Foods in General. — XXIX.— Compressing Vegetables. — XXX., Preservation of Vegetables by 
Appert 's Method.— XXXL, The Preservation of Fruit.— XXXI I., Preservation of Fruit by 
Storage.— XXXIII , The Preservation of Fruit by Drying.— XXXIV., Drying Fruit by Artificial 
Heat.— XXXV.. Roasting Fruit.— XXXVL, The Preservation of Fruit with Sugar.— XXXVI L, 
Boiled Preserved Fruit.— XXX VII L, The Preservation of Fruit in Spirit, Acetic Acid or 
Glycerine. — XXXIX., Preservation of Fruit without Boiling. — XL., Jam Manufacture. — XLI.» 
The Manufacture of Fruit Jellies.— XLIL, The Making of Gelatine Jellies.— XLIIL, The 
Manufacture of " Sulzen." — XLIV., The Preservation of Fermented Beverages. 

Part II., The Manufacture of Candies.— Chapters XLV., Introduction.— XLVL, The 
Manufacture of Candied Fruit. — XLVIL, The Manufacture of Boiled Sugar and Caramel. — 
XLVIIL, The Candying of Fruit.— XLIX., Caramelised Fruit— L., The Manufacture of Sugar- 
Sticks, or Barley Sugar. — LL, Bonbon Making. — LIL, Fruit Drops. — LIIL, The Manufacture 
of Drag^es. — LIV., The Machinery and Appliances used in Candy Manufacture. — LV., Dyeing 
Candies and Bonbons. — LVL, Essential Oils used in Candy Making. — LVIL, Fruit Essences. — 
LVIIL, The Manufacture of Filled Bonbons, Liqueur Bonbons and Stamped Lozenges. — LIX., 
Recipes for Jams and Jellies. — LX., Recipes for Bonbon Making. — LXL, Dragdes. — Appendix. 
—Index. 



Timber Trades. 



TIMBER : A Comprehensive Study of Wood in all its Aspects 
(Commercial and Botanical), showing the Different Applications and 
Uses of Timber in Various Trades, etc. Translated from the French 
of Paul Charpentier, Expert Chemical Engineer, Assayer of the 
French Mint, etc., by Joseph Kennell. Royal 8vo. 437 pp. 178 
Illustrations. 1902. Price 12s. 6d. ; India and Colonies, 13s. 6d. ; 
Other Countries, 15s. net. 

Contents. 



Preface.— Part I., Physical and Chemical Properties of Timber.— Chapters I., Com- 
»sition of the Vegetable Bodies — Chief Elements — M. Fremy's Researches. — II., Elementary 
Organs of Plants and especially of Forests. — III., Different Parts of Wood Anatomically ana 



Chemically Considered. — IV., General Properties of Wood. 

Part IL, Description of the Different Kinds of Wood.— Chapters V., Principal Essences 
with Caducous Leaves. — VL, Coniferous Resinous Trees. 

Part III., Division of the Useful Varieties of Timber in the IMfferent Countries of 
the Globe.— Chapters VII., European Timber.— VIII., African Timber.— IX., Asiatic Timber 
— X., American Timber. — XL, Timber of Oceania. 

Part IV., Forests.- Chapters XII., General Notes as to Forests ; their Influence.— XIII. 
Opinions as to Sylviculture — Iniprovement of Forests. — XIV., Unwooding and Rewooding — 
Preservation of Forests. — XV., Exploitation of Forests. — XVI., Damage caused to Forests — 
Different Alterations. 

Part v.. The Preservation of Timber.— Chapters XVII., Generalities— Causes and 
Progress of Deterioration— History of Different Proposed Processes.- XVIIL, Dessication — 
Superficial Carbonisation of Timber. — XIX., Processes by Immersion — Generalities as to 
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Antiseptics Employed.— XX., Injection Processes in Closed Vessels.— XXI., The Boucherie 
System, Based upon the Displacement of the Sap. — XXII., Processes for Making Timber 
Uninflammable. 

Part VI., Applications of Timber.— Chapters XXIII., Generalities— Working Timbei^- 
Paving— Timber tor Mines — Railway Traverses. — XXIV., Accessory Products— Gums — Works 
of M. Fremy— Resins— Barks— Tan— Application of Cork.— XXV., The Application of Wood 
to Art and Dyeing.— XXVI., Different Applications of Wood— Hard Wood— Distillation of 
Wood— Pyroligneous Acid— Oil of Wood— Distillation of Resins.— Index. 
[See also " Wood Waste Utilisation," p. 33.] 

Fancy Goods Manufacture. 

THE ART OF DYEING AND STAINING MARBLE, 
ARTIFICIAL STONE, BONE, HORN, IVORY AND 
WOOD, AND OF IMITATING ALL SORTS OF 
WOOD. A Practical Handbook for the Use of Joiners, 
Turners, Manufacturers of Fancy Goods, Stick and Umbrella Makers, 
Comb Makers, etc. Translated from the German of D. H. Soxhlet, 
Technical Chemist. Crown 8vo. 168 pp. 1902. Price 5s. ; India and 
Colonies, 5s. 6d. ; Other Countries, 6s. net. 
Contents. 

Preface. — Introduction. — Chapters I., Mordants and Stains: Acids,*' Alkalies, Iron Salts, 
Copper Salts, Aluminium Salts, Chromium Salts, Tin Salts, Lead Salts, Manganese Salts, 
Silver and Gold Salts. — II., Natural Dyes : Redwood, Red Sandalwood, Madder, Orchil, Cudbear, 
Lac-Dye, Cochineal, Saffron, Annatto, Safflower, Fustic, Fustet, Quercitron, Flavin, Turmeric, 
Weld and its substitutes, Persian Berries, Barberry Root,Indigo, Logwood.Cutch, Galls, Sumach, 
Knoppem. — III., Artificial Pigments: White Lead, Naples Yellow, Red Lead, Smalts, Ultra- 
Manne, Cinnabar, Prussian Blue, Orpiment, Realgar, Chrome Green, Chrome Yellow, Chrome 
Red, Chrome Orange, Mosaic Gold, Green Mineral Colours, Red Ochres, Rouge, Cadmium 
Yellow. — IV., Coal Tar Dyes: Reds, Yellows and Oranges, Blues, Violets, Greens, Browns, 
Grey and Black — Aniline Dyes Soluble in Fat : Resinate Colours, Aniline Lakes. — V., Staining 
Marble and Artificial Stone : Red, Violet, Blue, Green, Yellow, Orange, Brown, Black, Execu- 
tion of Parti-Coloured Designs. — VI., Dyeing, Bleaching and Imitation of Bone, Horn and 
Ivory — Bone Bleaching — Dyeing Bone: Black, Red, Yellow, Blue, Violet, Green, Grey and 
Brown — Horn, Bleachmg and Whitening — Dyeing Black, Grey, Brown, Blue, Green, Violet 
and Red — Imitation of Tortoiseshell for Combs: Yellows, Dyeing Nuts. — Ivory: Dyeing Black, 
Red, Yellow, Blue, Violet, Green, Grey and Brown — Further Remarks on Ivory Dyeing. — VII., 
Wood Dyeing : Black, Grey, Brown, Violet, Blue, Red, Yellow, Green — Imitation of Mahogany : 
Dark Walnut, Oak, Birch-Bark, Elder-Marquetry, Walnut, Walnut-Marquetry, Mahogany, 
Spanish Mahogany, Palisander and Rose Wood, Tortoiseshell, Oak, Ebony, Pear Tree — Black 
Dyeing Processes with Penetrating Colours. — VIII., Varnishes and Polishes: English Furniture 
Polish, Vienna Furniture Polish, Amber Varnish, Copal Varnish, Composition for Preserving 
Furniture. — I ndex. 



Building and Architecture. 

THE PREVENTION OF DAMPNESS IN BUILDINGS ; 

with Remarks on the Causes, Nature and Effects of Saline, Efflores- 
cences artd Dry-rot, for Architects, Builders, Overseers, Plasterers, 
Painters and House Owners. By Adolf Wilhelm Keim. Translated 
from the German of the second revised Edition by M. J. Salter, F.I.C, 
F.C.S., Member of the German Chemical Society of Berlin. Eight 
Coloured Plates and Thirteen Illustrations. Crown 8vo. 115 pp. 1902. 
Price 5s. ; India and Colonies, 5s. 6d. ; Other Countries, 6s. net. 

Contents. 

Part I. — Chapters I., The Various Causes of Dampness and Decay of the Masonry of 
Buildings, and the Structural and Hygienic Evils of the Same.— II., Precautionary Measures 
during Building against Dampness and Efflorescence. — III., Methods of Remedying Dampness 
and Efflorescences in the Walls of Old Buildings.— IV., The Artificial Drying of ^few Houses, 
as well as Old Damp Dwellings, and the Theory of the Hardening or Mortar. — V., New, 
Certain and Permanently Efficient Methods for Diying Old Damp Walls and Dwellings. 

Part II.— Chapters I., The Cause and Origin of Drv-rot : its Injurious Effect on Health, its 
Destructive Action on Buildings, and its Successful Repression. — II., Methods of Preventing 
Dry-rot to be Adopted During Construction.— III., Old Methods of Preventing Dry-rot. — 
IV., Recent and More Efficient Remedies for Dry-rot. — Index. 
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Iron. 



SIDEROLOGY: THE SCIENCE OF IRON (The Con- 
stitution of Iron Alloys and Slags). Translated from German of 
Hanns Preiherr v. Zuptner. 350 pp. Demy 8vo. Eleven Plates 
and Ten Illustrations. 1902. Price 10s. 6d. ; India and Colonies, lis. ; 
Other Countries, 12s. net. 

Contents. 

Book I., The Theory of Solution.— Chapters I., Solutions.— II., Molten Alloys— Varieties 
of Solutions. — III., Osmotic Pressure.— IV., Relation between Osmotic Pressure and other 
Properties of Solutions. — V., Osmotic Pressure and Molecular Weight of the Dissolved Sul>- 
stance.— VI., Solutions of Gases.— VII., Solid Solutions.— VIII., Solubility.— IX., Diffusion.— 
X., Electrical Conductivity— Constitution of Electrolytes and Metals. — XL, Thermal Expansion. 

Book II., Microsraphy. — Chapters I., General. — II., Microstructure. — III., The Micro- 
graphic Constituents of Iron. — IV., Relation between Micrographical Composition, Carbon- 
Content, and Thermal Treatment of Iron Alloys. — V., The Microstructure of Slags. 

Book III., Chemical Composition of the Alloys of Iron.— Chapters I., Introduction.— 
II., Constituents of Iron Alloys — Carbon. — III., Constituents of the Iron Alloys, Carbon — 
Opinions and Researches on Combined Carbon. — IV., Opmions and Researches on Combined 
Carbon {Continuation). — V., Opinions and Researches on Combined Carbon {Conclusion). — VI., 
Applying the Curves of Solution deduced from the Curves of Recalescence to the Determination 
of the Chemical Composition of the Carbon present in Iron Alloys. — ^VII., The Constituents of 
Iron — Iron. — VIII., The Constituents of Iron Alloys — Manganese. — IX., Remaining Constituents 
of Iron Alloys — ^A Silicon. — X., Gases. 

Book IV., The Chemical Composition of Slaff.— Chapters I., Introductory.— II., Silicate 
Slags.— III., Calculating the Composition of Silicate Slags.— IV., Phosphate Slags.— V., Oxide 
Slags. — Appendix. — Index. 
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